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PREFACE. 



These lectures are what their title indicates, the lectures on Miner- 
alogy delivered at the School of Mines of Columbia College. They 
have been printed for the students, in order that more time might be 
given to the various methods of examining and determining minerals. 
The second part only has been printed. The first part, comprising 
crystallography and physical mineralogy, will be printed at some future 
time. Only those species have been described with which it is neces- 
sary for an Engineer of Mines to be familiar, or which present some pe- 
culiarity of interest. The list of synonyms is not complete ; only the 
most familiar names used in Germany, France and the United States 
have been given. The lecture notes were written out somewhat hastily, 
amid the press of other duties, but it is hoped, that as they occupy 
a ground not hitherto entirely covered by other elementary works, 
they may prove acceptable to students wishing to commence the study 
of Mineralogy. As it has already proved serviceable at the School 
of Mines, it is hoped that it may be found useful elsewhere. 

As it is quite essential that the notation of both Naumann and Dana 
should be understood, the first has been adopted in the text and the 
second used on the faces of the crystals. A table giving the compari- 
son of the principal notations in use, has been g^ven in the introduction. 

In the preparation of the work I have been greatly indebted to my 
assistant, Mr. J. H. Caswell, who autographed the drawings and pre- 
pared the notations of the faces of the crystals. 



T. EGLESTON. 



School op Mines, 
1871. 
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Fluorite. 
G.=3'l— 3.a 

Andalusite, 
Spoduraene. 
G.=3-l— 3-3 

Scorodite. 
G,=3'15— 4 

Garnet. 

G.=3*l§ 

Ohlorastrolite. 

G,=3-3 

Fibrolite. 

G,=3-a— 3-3 

Dioptase. 

G.=3-a~3-5 

Pyroxene. 

G.=3-25 

Apatite. 
G.=3«3— 3.4 

■Chrysolite, 
Vesuvianite. 

G.=3*3— 3*5 

Diaspore. 

G.=3-3— 3-7 

Titanite. 

G.=3«3-^i 

Epidote. 



G.= 3-35— 3-5 

Calamine. 

G.=3-4 

Orpiment 

G.=3'4— 3-6 

Realgar, 

Rhodonite, 

Rhodochrosite. 

G,=3'4— 3-8 

Staurolite, 
Triplite. 

G.=3-5 

Arseniosiderite, 
Topaz. 

G.=3*5— 3-6 

Cyanite, 

Hydrozincite, 

Torbernite. 

G,=3'5— 3*8 

Azurite, 
Chrysoberyl. 

G.=3-5-4'9 

Spinel. 

G.=3*55 

Diamond. 

G.=3*6 

Arsenolite, 
Barytocalcite, 

G.=3-6— 3-7 

Strontianite. 
G.=3'0— 3*8 
Libethenite. 
G,=3'6— 4 

Limonite. 

G,=3'7— 3-9 

Siderite. 

G.=3-7— 4 

Malachite. 



Psilomelane. 

G.=3-8— 3-9 

Brochantite, 
Octahedrite. 

G.=3-8— 4-1 

Willemite. 
G,=3*9 

Celestite. 

G.=3'9— 4 

Alabandite, 
Corundum, 
Sphalerite. 

G,=4— 4-3 

Atacamite. 

G.=4— 4-4 

Groethite, 
Smithsonite. 

G.=4— 4-5 

Bornite. 

G.=4-4-7 
Zircon. 

G,=4— 4-8 

Barite. 

G,=4-l 

Brookite. 

G.=41— 4*a 

Rutile. 
G.=4'l~4'3 

Chalcopyrite. 

G.=4'l— 4-4 

Olivenite. 

G,=4'5J-4'3 

Witherite. 

G.=4*a— 4-4 

Manganite. 

G.=4'3— 4*4 

Tennantite. 



G.=4-3-4'5 

Ohromite, 
Stannite. 

G.=4-4— 4-7 

Pyrrhotiie. 

G,=4-4~4'8 

Molybdenite. 

G.=4-4— 5 

Bornite. 

G. =4-5— 4*6 

Kermesite, 
Siibnite. 

G.=4'5— 5 

Meuaccanite. 
G.=4-5— 5-1 
Tetraliedrite. 
G.r=4-5— 5*3 
Hematite. 

G,=4-6 
Miniurii. 
G.=4'6— 4-8 
Marcasite. 

G.=4-7 

Hausmannite. 

G.=4-7~4*8 

Braunite. 
G.=4'8— 4-9 

Pyrolusite. 

G.=4-8— 5 

Linnreite, 
Pyrite. 

G,=4'9— 5-1 

Magnetite. 

G.=5"2— 5-3 

Senarmontite. 

G.=5*3--5*6 

Millerite. 



XIV 



Embolite. 
O. =5*4— 5*5 

Proustite. 

Zincite. 
0.=5'4— 6-4 

Golumbite. 

Oerar^rite, 
lodynte, 

Valentinite. 

Chalcocite. 
0,=5-5— 6*5 

Franklinite. 

0.=5*T— 5-9 

Bournonite, 
Pyrargyrite. 

Bromyrite, 
Cuprite. 

0,=5-9 

Arsenic. 

0.=5'9— 6-1 

Orocoite. 



0.=6 

Scheelite. 

0.=6— 6*3 

Cobaltite. 

0.=6— 6*4 

Arsenopyrite. 

0.=6'1— 6*3 

Tellurium. 

0.=6-l— 6-§ 

Aikinite. 

Anglesite, 
Polyasite, 
Stephanite. 

o,=6-a— 6-5 

Ullmannite. 
0.=6'3— 6-9 

Wulfenite. 

G. =6-3— 7-1 

Cassiterite. 

©•=6-4 

Calomel, 

Cerussite, 

Uraninite. 

G.=6-4— 6-5 

Bismuthinite. 



0.=6'4-y 

Smaltite. 

0.=6*5— 7 

Pyromorphite. 

0.=6*6— 6*7 

Antimony. 

0.=7— §'7 

Leucopyrite. 
G.=7— §-S 

Clausthalite. 

G.=7'l— 7-a 

Mimetite. 

G,=7*l— 7-3 

Argentite. 

G.=7*l— 7-5 

Wolframite. 
G-=7'a~7'7 

Galenite. 

G.=7*a— 8*4 

Tetradymite. 
G.=7-3— 7*6 
Niccolite. 
G.=7-3— 7-8 
Iron. 

G,=7*8— 8-1 
Stolzite. 



G.=8-» 

Cinnabar, 
Copper. 

G.=9-7 

Bismuth. 

G-=10— 14 

Amalgam. 

G.=1'01— ll'l 

Silver. 

G.= ll*4 

Lead. 

G.=13*5 

Mercury. 

G.=15— 19 

Gk)ld. 

G.=16—19 

Platinum. 

G.=19-dl 

Iridosmine. 

Undetermined, 

Bieberite, 

Copiapite, 

Molybdite, 

Remingtonite^ 

Wad. 



VON KOBEL'S SCALE OF FUSIBILITY. 



1 
2 



4 
6 
6 



Stibnitc. jFusible in coarse splinters in the flame of a candle. 

I 
Natrolite. Fusible in thin splinters in the flame of a candle ; easily 

fused in coarse fragments before the blowpipe. 



Almandite. 
Garnet. 

Actinolite. 

Orthoclase. 

Bronzite. 



Infusible in the flame of a candle, fusible in coarse frag- 
ments before the blowpipe. 

Fusible in thin splinters before the blowpipe. 

Fusible with difficulty in thin splinters. 

Only rounded on the edges in very fine splinters. 



XV 



SCALE OF HARDNESS. 



Z — TtJLo. Laminated light green variety. Easily scratched by the naiL 

2. — Gypsum. Crystallized variety. Not easily scratched by the naiL Does not scratch 
a copper coin. 

8. — Calcite. Transparent variety. Scratches and is scratched by a copper coin. 

4. — ^Fluor. Crystalline variety. Not scratched by a copper coin. Does not scratch glaaa. 

B. — ^Apatite. Transparent variety. Scratches glass with difficulty. Easily scratched by 
the knife. 

6.5.-Scapolite. Crystalline variety. 

6. — Orthoclase. White cleavable variety. Scratches glass easily. Not easily scratched 
by the knife. 

1. — Quartz. Transparent variety. Not scratched by the knife. Yields with difficulty to 
the file. 

8. — Topaz. Transpareirt variety. Harder than flint 

9. — Sapphire. Cleavable varieties. Harder than flint 

10. — ^Diamond. Harder than flint 

SYSTEMS OF CRYSTALLIZATION. 



KO. 


SIMPLE FORMS. 


AXES. 


1 


Octahedron, or cube. 


8 axes rectangular and equal. 


2 


Tetragonal pyramid, or right priemwitli 
a square base. 


3 axes rectangular, 2 equal. 


3 


Rhombic pyramid, or right prism with a 
rhombic base. 


8 axes rectangular, and unequal. 


4 


Monoclinic pyramid, or inclined rhombio 
prism. 


3 axes unequal, 2 rectangular. 


6 


Tridinic pyramid, or doubly inclined 
rhomboidal prism. 


3 axes unequal, and auequally inclined. 


6 


Hexagonal pyramid, hexagonal prism, 
or rhombobedrou. 


4 axes, 8 equal and equally inclined, 1 
at right angles to the other three. 







NAMES USED BY DIFFERENT AUTHORS. 




NO. 


MOHS. 


WEISS A 
KOSE. 


PHILLIPS. 


NAUMANN. 


DELArOSSE. 


DANA. 

1854. 


DANA. 

1869. 


1 

2 
8 

4 
5 
6 


Tessular. 

Pyramidal. 

Orthotype. 

Hemior- 
thotype. 

Anortho- 
type. 

Bhombo- 
hedral. 


Regular. 

Sand 1 
axial. 

landl 
axial. 

2 & 1 mem- 
bered. 

1 & 1 niem- 
bered. 

8 and 1 
axiaL 


Cubic. 

Pyramidal. 

Prismatic. 

Oblique. 

Anorthic. 

Rhombo- 
hedral. 


Tesseral. 

Tetrago- 
nal. 

Rhombic. 

Monoclino- 
hedric. 

Triclino- 
hedric. 

Hexagonal. 


Cubic. 

Tetrago- 
nal. 

Ortho- 
rhombic. 

Clino- 
rhombic. 

Clino- 
hedric. 

HexagonaL 


Monomet- 
ric. 

Dimetric. 

Trimetric. 

Monocli- 
nic. 

Tiiclinic. 
Uexagonal. 


Isometric. 

Tetragonal. 

Orthorhom* 
bic. 

Mon«clinic. 

Tiiclinic 

Hexagonal. 



COMPAEISON OP NOTATIONS USED TO 

ISOMETBIO 
BSGULAB 

BOLOHBDBIL 



Octahedron, 



Cube or hexahedroxii 



Rhombic dodecahedron, 



b> 



Tetrahexahedron, 



b« 



Trigonal trisoctahedron, 



Tetragonal trisoctahedron, 



1 



a" 



Hexoctahedron, 



1 1 

I bi b» bi 



HEMIHEDRIZ 



Hemi-octahedron, or tetrahedron, 



Hemi-tetrahexahedron, or pentagonal 

dodecahedron, 

Hemi-trigonal trisoctahedron, 



Hemi-tetragonal trisoctahedron, 



Hemi-hexoctahedron inclined. 



Hemi-hexoctahedron parallel, or diploid, 
Hemi-hexoctahedron parallel, or gyroid. 



Tetarto-hexoctahedron. or tetartoid. 



XVI 



J 

a™ 



b» bul 


1 
bjT 


1 
b* bi 


1 


b» hh 


1 
b> 


TETARTOUEDRAt 


1)' bL 


1 
b. 



EEPBESENT THE FACES OF CEYSTAL& 

SYSTEM. 
OCTAHEDBON. 



rosMS. 



Ill 



100 



110 



hko 



hhk 



hkk 



hkl 



a: a: a 



a: Qoa: ooa 



a : a : ooa 



a: na: ooa 



a : a : ma 



a : ma : ma 



a : ma : na 



HAUXAMN. 


ooOoo 

ooO 

ooOn 

mO 
mOm 

mOn 



DAXA. 
1 



tor I 



*n 



m 



fMn 



mn 



FORMS. 



± fc (111) 



± jr (hko) 



±M(hhk) 



±M(hkk) 



d: N (h k I) 



±7r(hkl) 



±inpx(hkl) 



jrl (a : a : a) 



}rl (a : na : ooa) 



^rl (a : a : ma) 



^rl (a: ma: ma) 



^rl (a : ma : na) 



^rl (a : ma : na) 



^rl (a : ma : na) 



2 
, ooOn 

. mO 

. mOm 



2 
mOn 



r mOn"] 



( 



mOn\ 
2 / 



2 



±T 



mm 



,fnn 



[-f-] 



2 
mn 



(mn \ 
■"2" ) 



rOBMSL 



nxCakl) 



mOn 
±ror 1 —^ 



XVll 



mn 

±r orl— J 



TETRAGONAL 



TETRAGONAI* 



HOLOHEDBAI» 



TeU'agoiial pyraniiil of the first order. 
Tetragonal pyramid of the second ordeTi 
Ditetragonal pyramid, 
Tetragonal prism of the first order^ 
Tetragonal prism of the second order, 

Ditetragonal prism, 

Basal pinacoid, 



LSYT. 

1 

am 

I 

bm 
bn bn h* 

b» 



m 
1 

hm 



HEMIHEDRAL 



Sphenoid of the first order, 
Sphenoid of the second order. 
Tetragonal scalenohedron, 



Tetragonal trapezohedron, 



Tetragonal pyramid of the third ordeE^ 
Tetragonal prism of the third order, 



1 
a^ 




1 

bm 




1 l_ 

bm bn 


h» 


l_ 1 
bm bn 


h» 


1 1 
bm bn h' 


1 
hm 




TETARTOHEDRAL 



Ctenoid of the third order, 



r stands for right and 1 for left, to distinguish it 



xv^**i 



SYSTEM. 








PYKAHID. 








VOBlOk 








MTIiLKB. 


WXIBB. 


KAUMASV. 


lUXA. 


hhl 


a : a : mo 


mP 


m 


hoi 


a : ooa : mo 


mPoo 


mi 


hkl 


a: na: mc 


mPn 


tnn 


110 


a: a: ooo 


ooP 


iorl 


100 


a: ooa: ooo 


ooPcjo 


a 


hko 


a : na : ooo 


ooPn 


in 


001 


ooa: ooa: 


OP 






fOBlfS. 



x(hhl) 
4f (ho 1) 

M or x' (hk ]) 
x" (hkl) 



jr(hkl) 



(hko) 



tX^ (a : a : mo) 
r.l. J (a : ooa : mc) 

r.L j^ (ma : na : c) 

r.L±J (ma: na: c) 

r 1 
_._.J (ma:na:c) 

1 T 

r.L} (a : na : ooc) 



mP 

' 2 

mPoo 

~2" 

mPn 



*r or 1 



mPn 



— or 

1 r 2 

r ^ 1 ooPn 

I r 2 



T 
rorl!2? 



r 1 nwt 
1 r 2 

1 r 2 



fOBlfS. 



±9rM(hkl) I 



, r 1 mPn 
±-=-or -r- 

II r i 



, r 1 mil 

±-^or j- 

1 r 4 



from + right, and •— left, in the previous forms. 



XIX 



OBTHOEHOMBIO 



RHOMBIO 



HOLOHEDRA& 



Rhombic pTramid, 



Macropyramid, 



Brachypyramid, 



Rhombic prism. 



Macroprism, 



Brachyprism, 



Macrodome, 



Brachydome, 



Macropinacoid, 



Braohypinacoid, 



Basal pinacoid, 



1 

bm 



1 1 
bm ba gl 



1 1 

bi b; g> 



m 



hm 



1^ 

1 
an 



h> 



ITBii 1 H lennAT^ 



Rhombic sphenoid. 



The other hemihedral forms are single 



SYSTEM. 



PYRAMID. 



lOBMB. 



MTTiTiini. 

hhl 
*hkl 
thkl 

110 
•*hko 
thko 

okl 

hoi 

010 

100 

001 



WBI88. 

a: b: mc 

na : b : mc 

a : nb : mc 

a : b : ooc 

na : b : ooc 

a : nb: ooc 

ooa : b : mc 

a : oob : mc 

ooa : b : ooc 

a: oob: ooc 

ooa : oob : 



NAUKAnN. 

mP 

mPn 

mPn 

ooP 

ooPn 



ooPn 



mPoo 



mP« 



ooPa 



ooPoo 



OP 



DIXA. 

m 
mn 



9 

mn 



tor I 



in 



V 

in 



m% 



m% 



u 










fOBMB. 



X (hkl) 



{ 



na: b: mc 
a: nb: mc 



rorl 



m 



?n 



rorl 



mn 



planes, or nsdrs of parallel planes. 



h<k 



th>k 



XXI 



MONOCUNIO 



MONOCLINIC 



HOLOHEDRAI- 



( Hemi-pyramid, 
MonocUnic pyramid, ] 

( Hemi-pyraiaid, 



Orthopyramid, 



1 



Hemi-orthopyramid, 
Hemi-orthopyramid, 



OUnopyramid, 



C Hemi-clinopyramid, 
( Hemi-clinopyramid, 



Inclined rhombic prism, 



Orthoprism, 



dinoprism, 



Orthodome, 



Olinodome, 



Orthopinacoid, 



CHinopinacoid, 



Basal pinacoid, 



C Hemi -orthodome, 
( Hemi-orthodome, 





LEVI 

I 

dm 


• 




J 

bm 




I 

bm 


di h» 


1 
bm 


1 
b; 


h' 


1 
dm 

1 
bm 


1 
b^ 

1 

da 


g 

g^ 



m 



I 

hm 



1 
1 

t 

am 



h» 



g* 



The hemihedral forms are single planes or pairs of parallel planes. 



SYSTEM. 



PYRAMID. 



FORMSL 



hkk 
hkk 

*hkl 
*hkl 

thkl 
thkl 

110 
*h k o 

thko 

hoi 
Eol 

okl 
100 
010 
001 



WEISS. 

a : b : mo 

a' : b : mc 

a : nb : mc 

a' : nb : mc 

na : b : mc 
na' : b : mc 

a : b : ooc 



\ 



a : nb: ooc 



na : b : ooc 



a 
a' 



: oob : mc 1 
' : oob : mc ) 



ooa: b: mc 



a: oob: ooc 



ooa : b : ooo 



ooa : oob : 



±mP 



± mPn 



±mtn 



ooP 



ooPn 



00 



t>n 



±niPoo 
mtoo 



ooPoo 



ooPoo 



OP 



DAVA. 



±mn 



±mn 



iorl 



%n 



i^ 



U 



♦h> k. 



th<k. 



xxni 



TEIOLINIO 



TRIOLINia 



fiOLOHXDBAft 



Mdinio pyranud, 



llacropyramid, 



Brachypyramid, 



Doubly incUned 
ihombic prism, 



Macroprism, 



Braohyprism, 



ICacrodome, 



Brachydome, 



' Tetarto-pyramid, 
Tetarto-pyramid, 
Tetarto-pyramid, 
Tetarto-pyramid, 

' Tetarto-pyramid, 
Tetarto-pyramid, 
Tetarto-pyramid, 
Tetarto-pyramid, 

Tetarto-pyramid, 
Tetarto-pyramid, 
Tetarto-pyramid, 
Tetarto-pyramid, 

^Hemi-p^ism, 
Hemi-prism, 

^Hemi-p^ism, 
Hemi-prism. 

^ Hemi-prism, 
Hemi-prism, 

I Hemi-dome, t 
1 Hemi-dome, 

t Hemi-dome, t 
(Hemi-dome, 



Macropinacoid, 
Bracbypinacoid, 

Basal pinacoid, 

* b>k + < k 

5" In Nanmann's and Dana's formi^^ 



UBTT. 






ri 






d» 






b* 






c* 




1 


1 




f= 


di hi 


1^ 


1 




dm f n 


b> 


1 


1 




bm 


c^ 


h> 


I 


1 




c£ 


bm 


b» 


1 


1 




f« 


I Cn 


g* 


1 


1 




dn 


1 bm 


S' 


1_ 


1 




bm 


dJT 


g' 


1 


1 




Cm 


t 
m 

1 
b» 

mb 


g' 



ga 

mg 

1 
Om 
1 

am 



1 

i^ 

em 
h» 

g* 
P 



n.U 



SYSTEK 



PYRAMID. 



rORMB. 



MILLXiL 

m 


WEI88. 

a: b: mc 


NAUILiim. 

fmP' 




111 
Tu 


a ; b' ; mo 
a' : b' : mc' 


m/p; , 


m'P 
mP, 




111 


a' ; b : mc 




m,P 


,m 


♦hkl 


a : nb : mc 


■ 


'mFn 


77*71 


*hkl 
♦hkl 


a : nb' : mc 
a' : nb' : mc 


m/P/n. 


m'Pn 
mPn 


'mn 


*hkl 


a' : nb : mc 




mPn 


gtnn 


thkl 


na : b : mc 




^mf'n 




thkl 
thkl 
fhkl 


na: b': mc 
na' : b' : mc 
na' : b : mc 


m/ f , 'n . 


m'Pn 
mP,n 
m,fn 


V 

'mn 

V 

m,n 

V 

/mn 


110 
110 


a : b : ooc 
a: b': ooc 


( 00 I" 

^'P' |oo'P 


i'orr 
'ior'I 


♦hko 
♦hko 


a ; nb : ooc 
a' : nb : ooc 


( ooFn 
^'^^ j«'Pn 


Hn 


thko 
thko 


na : b : ooc 
na' : b : ooc 


( oof'n 


'in 


hoi 
Eol 


a cob : mc 
a' : oob : mc 


(m'P'oo 


m"% 


okl 
o'kl 


ooa : b : mc 
ooa : b' : mc 


(m.f'oo 




100 


a : oob : ooc 


ooPoo 


a 


010 


ooa: y,. ooe 


oof 00 


a 


001 


ooa: oob:c 


0] 


3 






If the brachy axis were placed in front,15ai\maim'ftiotm\A^^w\^x^'5!>.^ 
in,P'oc, mP^cc and m'f 'oc, m^P^oo; Dana'a, m/i, m' > Wi^ m' 'l.m, J. 

XXV 



Pjrramid of the first order, 
Pyramid of the second order, 
Dihexagonal pyramid, 
Hexagonal prism of the first order, 
Hexagonal prism of the second order, 
Dihexagonal prism. 
Basal pinai!oid, 



Rhombohedron, 



Rhombohedron of the second order, 



Hexagonal scalenohedron. 



Hexagonal trapezohedron, 

Pyramid of thf* third order, 

Ditrigonal pyramid. 

Trigonal pyramid of the first order. 

Trigonal pyramid of the second order. 

Hexagonal prism of the third order, 

Ditrigonal prism. 

Trigonal prism of the first order. 

Trigonal prism of the second order. 



Rhombohedron of the third order, 
Tri<?onal trapezohedron (plaufihedron), 
Trigonal pyramid of the thirl order. 



HEXAGONAL 

HEXAGONAL 



HOLOHEOKAL 

LBVT. 
HexagonaL 

bm 

a} 

b» hi bj 
m 



h» 

hm 



HEMIHEDRAL 



1 

bm 



TRARTOHIDSAK 



SYSTEM. 

PYRAMID. 

FORMS. 

HILLBB. 

Rhombohedral. 

100 
hkl 
(hkl)(pqr) 
211 
lOT 
hkl 
001 

ffOBM& 

(hk k) (pqq) 



jiOikl) 



(hklXpqr) 



a(hkl)(pqr) 
± w (h k 1) (p qi) 



WEISS. 
Hexagonal. 

ooa : a : a : mc 
2a : a : 2a : mc 
a : na : pa : mc 
ooa : a : a : ooc 
2a: a: 2a: ooc 
a : na : pa : ooc 
ooa : a oe : ooa : c 



^ ( oca : a . a : mc) 
J ( ooa : a' : a' : mc) 

J(2a : a : 2a : mc) 
}(2a' : a : 2a' : mc) 

J (a : na : pa : mc) 
J (a' : na' : pa : mc) 



± K(hkk) ±x(pqq) 

± X (h k 1) 

;r(hkl)(pqr) 

a (hkl) (pqr) 



FORMS. 

± TT X (h k 1) (p q r) 
a (h k 1) 
a (pqr) 



NAUXANN. 

HazaironaL Rhombohadral. 
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HYDROOCN. 

l¥ater. tL Hexagonal. 

Syn.— Snow, Ice, Wasser, Eis, Eau, Glace. 

Water is found in three different states ; solid when it takes the form of 
ice or snow, both of which may be crystallized or crystalline ; liquid at 
ordinary temperature ; or in the form of vapor. When water solidifies, il 
crystallizes, taking forms which can be referred to the hexagonal system. 
These crystals are oftenest seen in frost or snow, but it is somewhat 
doubtful whether the primitive form* is the prism or the rhombohedron. 
A. rhombohedron of about 120** has been observed, but generally the 
crystals are skeleton planes. The hexagonal prism is sometimes found in 
northern countries, but elsewhere it is rare. These crystals are sometimes 
very large, but they have rarely been found terminated. Generally they 
are more or less hollow and made up of concentric layers, which are 
are not in contact, but united by little planes, radiating from the 
center towards the angles. Smithson describes double hexagonal 
pyramids derived from a rhombohedron of 112° 21'. These modified 
crystals are rarer than the others. In lower latitudes ice does not show 
any traces of crystallization, except occasionally when breaking up in the 
spring it assumes hexagonal forms. In ordinary climates like our own, 
snow is less perfectly crystallized and appears under the shape ot 
hexagonal stars. PI. I. Mgs. 1-10, which may sometimes be trianguiar 
in form fi-om the carrying out of certain planes at the expense of others. 
The axes of tliese stars are at angles of 60**. On these axes other? are 
often found inclined to them at 60°, which are arranged like the feathers 
on a quill. Sometimes the extremities of the axes are terminati.d by 
another set of hexagonal axes, forming another star. Crystals of snow 
vuspended in the atmosphere produce the meteorological phenome/ja, callef* 

1 
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halos and mock suns. These phenomena are owing to the fact that 
polarized light does not penetrate all- the angles of the crystals. It goes 
through the angles of 60* but not of 120". 

Water in a liquid state has exactly the same composition as ice. 
When it is perfectly pure its specific gravity is 1, being the unit to which 
all others are referred. But because the volume and the density of water 
vary with the temperature, it is necessary always to indicate a 
temperature to which all observations must be reduced, in order to 
get a series of comparative result's. In physics the temperature 
is 4" C. In mineralogy it is generally about 15® C. which is about the 
mean temperature of the air. Bodies generally increase in density as 
they become colder, but water forms an exception to this rule. Below the 
temperature of 4° C. it dilates, so that the density, of ice is only 0.93, 
which is the reason why ice floats on water. 

When pure, water is inodorous, colorless and tasteless ; it is liquid above 
0*0. and 0.7G2 of the barometer. A cub. decim. of water at the latitude ol 
Paris and temperature of 15.5° C. weighs IK. A cubic inch weighs 
252.569 grains. Wat«r is most dense at 3.982° C. or 39.176° F. Com- 
position 88:89, H 11.11. 

Water, according to its temperature in springs, is known as cold or 
thermal. The temperature of cold springs is usually about 17° -18° C. 
Beyond this point they are called thermal Water is rarely ever pure, 
but according to the nature of the elements dissolved is called drinkable 
(potable), or mineral water. Drinkable waters are those in which only 
a small proportion of mineral matter is dissolved, and which contain 
oxygen. They are good for domestic purposes. When they dissolve 
soap they are called soft waters. Such is usually the water of springs 
which do not come from a limestone formation. When they do not 
dissolve soap they are called hard waters. 

Some analyses of various city waters are given on pp. 3, 4. 

Mineral waters are those which contain so large a proportion of 
mineral matter as to render them unfit for ordinary domestic purposes ; 
they are usually divided into Salt and Medicinal waters. 

Salt waters may come from the sea or from salt springs. The water of 
the sea is the most abundant. They are generally those masses of water 
which have no outlet and can only diminish their volume by evaporation. 
Except at the outlets of rivers, sea water is of about the same general 
composition. The quantity of salts dissolved varies from 3-4^, in 
which chloride of sodium is the principal part, but it rarely exceeds 2.6^ of 
the weight of the water or about two thirds of the whole of the solid 
material. The other substances are ]?raS, MgCl, CaCl, and a very small 
quantity of NaBr, MgBr, Nal and Mgl. The largest amount of 
solid substances in the Atlantic is at the equator, and is 3.66^. Inland 
seas contain much less than this. The bitter taste of sea water is owing 
to salts of magnesia. For analyses of sea water, v. p. 3. 

For variations of the saltness of water, v. p. 4. 

The salt lakes, which are sometimes found in the interior of continents, 
are generally owing to the infiltration of fresh water, through deposits 
which contain salt. The quantity of salt which such waters may contain 
is as high as 25^, ns; in the Dead Sea: of this amount from 7-10^ is salt. 
The water of the Giear Salt Lake, Utah, contains 20.1965^ of salt 

Analyses are given on p. 3. 
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LEOTURKS ON MINERALOGY. 



PURITY OF CIT7 WATERS.* 

Impurities contained in one wine gallon of 231 cvMe inches exprestied in 

grains. 



City. 

New York 

. . • • 

Brooklyn 

Jersey City 

Trenton 

Philadelphia. ... 

Boston 

Albany 

Troy. 

Schenectady .... 

Utica 

Syracuse 

Rochester 

Cleveland 

Chicago 

DubUn 

London 

• • • • • • 

Pans 

Amsterdam 



Source. 



Inorganic 
Matter. 



Croton, 1869 4.11 

Well, 8th Av 38.95 

Ridgewood, 1869 3.37 

Passaic River 4.58 

Delaware River 2.93 

Schuylkill River. 2.30 

Cochituate Lake 2.40 

Hydrant 8.47 

Hydrant 6.09 

Well State St 46.88 

Hydrant 6.50 

New Reservoir. 12.13 

Genesee River 12.02 

Lake Erie 4.74 

Lake Michigan 5.62 

Lough Vartry 1.77 

Thames River. 15.55 

Well, Leadenhall St 90.38 

River Seine 7.83 

River Vecht 14.45 

WeU 64.55 



Organic 
and 


Total 


Volatile 


SoUds. 


Matter. 




0.67 


4.7a 


4.59 


43.54 


0.59 


3.92 


2.86 


7.44 


0.55 


3.48 


1.20 


3.50 


0.71 


3.11 


2.31 


10.7S 


1.34 


7.4a 


2.33 


49.21 


0.96 


6.4a 


1.80 


13.93 


1.23 


13.25 


1.53 


6.27 


1.06 


6.68: 


1.34 


3.11 


0.83 


16.38 


9.59 


99.97 


1.00 


8.8a 


2.13 


16.58 


4.38 


68.9a 



Variation of the Saltness of the Water near New York. 

L — NOBTH RlYER, ON THE SoUTH AND WkST SiDES OP THE ISLAKD. 

Locality. Depth. Salt contained is 

one U. S. GLalloiu 

Between Castle Gkirden and Grover- 

nor's Island, below the City Surface. 807 grains. 

Ojff 25th street, 300 ft. from pier head. Bottom, depth, 26 feet 1,087 " 

Ojff 25th street, 300 ft. from pier head. Surface 328 « 

Ojff 25th street, midchanneL Bottom, depth 36 ft 1,140 " 

Off 51st street, 400 ft. from pier head. Bottom, depth 36 ft. . 812 " 

Off 5l8t Street, 400 ft. from pier head. Surface 266 *' 

n. — ^East Riybb. 

Off 35i2i street Sur&ee 1.088 *^ 



* American Qiemist, VoL 2, p. 322. 
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Where the substance dissolved is not sah. the water is generally called 
medicinal, if it is not fit for ordinary uses. Several kinds of medicioa* 
waters are distinguished. 

1. Watei*s, with solids in solution without gas. 

2. Waters, with solids in solution with gases and not acids. 

3. Acid waters. 

4. Alkaline waters. 

5. Ferruginous or chalybeate waters. 

6. Sulphurous waters. 

7. Waters with iodine. 

In almost all of these waters a little silica and some nitrogenous 
substances are found. 

Water in the state of vapor is always present in the lower part of the 
atmosphere. In this condition it is completely invisible, and its presence 
is only ascertained by hygrometric or meteorological phenomena which 
depend on the- quantity of the vapor at a given time, and the relative 
temperatures of the earth and the dijfferent strata of air. Occasionally it 
becomes visible in the state of fogs and mists. It is frequently observed 
issuing from volcanoes as condensed steam, and also from fissures in the 
■earth's surface. These vapors frequently carry off with them other 
substances either in solution or as a mechanical mixture. It is also found 
in the state of vapor, but condensed at a high pressure, mixed with 
lava in a state of fusion, from which it is given off in jets of steam as 
the lava cools. 

SIJL.PHIJR. 

Sulphur. S. Orthorhobibic. 

Syn. — Natiirlicher Schwefel, Soufre. 

Sulphur crystallizes as a right rhombic prism of 101** 46'. It has traces 
of cleavage parallel to the faces of the prism and rhombic pyramid. 
It is not found with the primitive form, but generally as rhombic 
pyramids. Many of the crystals have the basal pinacoids and some trace 
of the prism. Combinations of two pyramids with the brachydome 
and macropinacoid are not unfrequent, and sometimes the brachypinacoid 
and macrodomes are lound. When crystalHzecl below 0°C. it sometimes 
takes the form of a pseudo-hexagonal prism, with a rhombic pyramid. 
Practure, conchoidal. The lustre of Sulphur is variable and is olteii quite 
bright. It is always somewhat adamantine and somewhat resinous, 
but is not always the same on all the faces. Thus, those of the basal 
pmacoid and the macropinacoid are always less bright than the others. 
The lustre of the fracture is very bright. Transparent, translucent and 
opaque. When it is quite pure, it is of a yellow color, called sulphur-yel- 
low, sometimes having a greenish tint. It is sometimes of a reddish color, 
which has been attributed to traces of selenium. Streak, sulphur-yellow, 
reddish or greenish. It possesses the property of double refraction in a 
very high degree, the phenonjenon manifesting itself even betwet'U two 
parallel faces. It is very brittle, breaking with the heat of the hand, 
H,=1.5-2.5. O. =2.072, when pure, but it often contains other 
substances. 

Pyr. &€• !B. P, Heated in a closed tube it fuses and volatilizes, 
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leaving no residue if it is pure, which however is quite rare in natunu 
Rpecimens ; a residue, which is more or less large, is almost always left 
according to the degree of purity of the specimen. In an open tube it 
bums with a blue Hame, and gives off 5. If rubbed, it shows resinous 
electricity, which it preserves for a long time. Insoluble in water and 
acids. 

Pure Sulphur is met with quite frequently in nature and is sometimes 
crystallized and sometimes amorphous. It is sometimes found as 
htalactiies radiated about a central axis. It is also found as in- 
crustations, which are sometimes fibrous and interlaced. The density of 
such varieties varies from 1.98-2. They are very easily broken as the 
fibers separate, ami have a very feeble, resinous lustre. Their color is 
generally sulphur-yellow, tending to a grayish-white. They are harifly 
translucent on the edges. When it is amorphous, Sulphiu: has a variety of 
shapes; sometimes it seems to have been melted and appears as 
stalactites, in which state ic is usually found in calcareous or volcanic 
rocks. It is opaque and is sometimes entirely brown and could not be 
immediately recognized. This coloration is sometimes owing to not 
more than 0.1^ of foreign substances. It is sometimes found as cavernous 
and dra**y masses, in which state it is generally produced by thermal 
springs. In this siate it is in the shape of a whitish powder that has 
httle or no consistency. It is also found in whitish, compact masses, 
with occasional yellow spots. This same variety is also found pulverulent 
Such varieties sometimes occur in the nodules of Silex found in the 
Jurassic formation. 

Sulphur was the first substance in which dimorphism was discovered. 
Mitscherlich was the first to discover this fact. In nature Sulphur 
crystallizes in the right rhombic prism, it may howe\'«r be crystallized 
artificially by fusion and it then assumes a form derived from the 
monoclinic system, the angle of the prism being 90° 32'. The inclination 
of the axes is 95° 46'. These crystals are of a dark orange color. They 
are soluble in CS^ as natural Sulphur is. If they are touched, they 
become opaque arid fall into pyramids of the orthorhombic system. 
These crystals may be produced directly by evaporating a solution of 
Sulphur in CS^ This allotropic condition is very unstable at the 
ordinary temperature. Deville obtained permanent oblique crystals by 
dissolving Sulphur in chloroform and evaporating ; this produces a 
mixture of oblique pyramids and prisms of an orange color. If the 
solution of CS^ is quite exempt from Sulphur in excess, these prisms may 
be obtained. If not, the crystals become transformed giving out a 
considerable amount of heat. These two allotropic conditions of Sulphur 
may become mixed by crystallization in different proportions. When the 
oblique form is in only a very small proportion in the mass, the 
transformation of the whole is very slow. The mass is viscous and of a 
dark color and of lower density. It sometimes takes several years for 
it to resume its natural density. There are still other allotropic conditions 
of Sulphur. Some are insoluble in CS'' and others soluble, but do not 
crystallize. One of them is the elastic Sulphur which is obtained in 
laboratories. 

Sulphur appears to be formed under several distinct conditions. 
Sometimes it is evidently a volcanic product, at others it results from the 
decomposition of HS, which is contained in the soil of certain countries, 
which becoming exhaled, undergoes a partial combustion, and deposits 
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Sulphur in little crystals. These varieties of Sulphur are easily soluble in 
CS', while those of volcanic origin are much less so. It is also produced 
by the decomposition of sulphates, which in contact with organic matter, 
undergo a partial decompositioBL and give rise to sulpliides which are 
often again decomposed by the C in the air. so that the Sulphur is deposit- 
ed in a pulverulent form. This phenomenon is reproduced every day in 
the bleacheries, and also in the pipes which conduct water charged with 
sulphates. A remarkable instance of this kind is seen at Engleisen, the 
lake of which is supplied by artesian wells. At a certain depth the well 
pierces a bed of peat. All the water coming from below this bed, is 
charged with sulphates, and all the water above is charged with sul- 
phides. The flints of the Jurassic formation, which have been mentioned, 
are generally the fossil remains of some of the inferior orders of animals, 
whose viscose bodies have been replaced by silica, in waters which were 
charged with sulphates ; in presence of the organic matter, these sulphates 
have been decomposed, and have given up their Sulphur. This phenome- 
non takes place frequently on the sea shore, where the water contains sul- 
phates in solution. All the iron nails which fall from vessels, become in 
this way after a time, transformed into sulphide of iron. 

Sulphur also exists in nature as HS, and is often discharged with more 
or less vapor of water. Many of the miasmas of Italy are of this kind. 
§ is also given off in nature, but may come from the HS, for it mav un- 
dergo different kinds of combustion by which S, § and even S are 
produced. In the presence of certain porous rocks and certain organic 
matter, S is formed. Thus, at Aix-les-Bains, the bathing rooms are fre- 
quently rotted by the S produced by the decomposition of the HS. 
Springs charged with S have been discovered in this country. Boussin- 
gault says that the Rio Madeira of Brazil is charged at certain points with 
considerable quantities of S. It is found in large quantities in Cali- 
fornia and Nevada. 

FORMULiE OP THE CRYSTALS. 
Pit 

Fig, 11. P; with the base, occurs quite frequently. Mg. 12. P. 
cx> P 00. Fig. 13. P. OP ; often tabular. Fig. 14. P. i P. Fig. 15. 
P. 00 P. Fig. 16. P. P 00. Fig 17. P. f oo. i P. OP. 

TELLURIUm. 

Tellurium. Te. Hexagonal. 
Syn. — Gediegen Tellur, Gediegen Sylvan, Tellure-auro-natif ferrif^re. 

It crystallizes as hexagonal plates, the basal edges of which are modi- 
fied, or as a rhombohedron with an angle very near 90°. Cleavage per- 
fect, parallel to the prism, imperfect, parallel to the base. Lustre, metallic, 
but becomes dull on exposure. Color and streak, tin-white, sometimes 
yellowish, rosy or indistinct, and not always uniform. Quite brittle. 
H.=2-2.5. G.=6.1-6.3. Composition, Te 92-97, Fe 7, Au 0.25-2.785. 

Pyr. Ac, B. P. Fuses easily when heated. It will even melt in 
the flame of a candle. In an open tube it burns with a blue flame. 
Sometimes it gives a little sulphur, and generally the smell of selenium. 
The result of the combustion is a fusible oxide, which is white if pure, 
and red if mixed with selenium, or yellow if soiled with bismuth. On 
Ch., fuses, coloring the flame green, and gives a wliite coating, and almost 
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always leaves a little gold. The non-oxidizing acids are without acdoiL 
ft dissolves it, and the solution becomes turbid on the addition of water, 
on account of the bismuth present. The blowpipe distinguishes it from 
Antimony, Bismuth and analogous substances. 

It was formerly found in Transylvania, in large quantities, where it 
was smelted for uold. It occurs with gold in large quantities in 
Colorado. It is usually found in crystalline, granular masses. 

CARBOIV. 

Diamond C. Isometric. 
Syn. — Demant, Diamant. 

Pure carbon is found as two minerals, Graphite and Diamond. The 
Diamond is carbon almost chemically pure. It is found in nature in 
different states, sometimes crystallized, sometimes as a concretion, and 
sometimes with an intermediate structure. The Diamond crystallizes in 
the isometric system, like most of the simple bodies. Its usual forms are 
the octahedron and the hexoctahedron. These two forms are frequently 
combined, PI. I. Fig. 21. The forms of the Diamond are various. The 
cube, by itself, is quite rare and is almost always opaque. It is however 
found combined with the hexoctahedron. Frequently the faces of the 
hexoctahedron become rounded and the lines corresponding to the 
diagonals of the rhombic dodecahedron are obliterated ; the figure 
then appears to be a rounded dodecahedron, Fig. 19. When the faces 
of the octahedron are shown on the hexoctahedron, they are always 
plane and brilliant, though small. This allows of their being easily 
distinguished from the others, which are generally rough and convex. 
Tho octahedron with plane and curved faces is sometimes found. The 
cube with faces of the tetrahexahedron also occurs, Fig. 23. Rounded 
hemihedral forms are quite common : these, compressed so as to obhterate 
some of the faces, form quite complicated crystals, Fig. 25. Hemitrope 
crystals of Diamond are also found ; the most usual one is that of the 
octahech'on. Figs. 26 and 27. The hemitrope of the hexoctahedron in 
which a part of the faces are wanting is a characteristic form, Fig, 28. 
Macles of two tetrahedra are common, Figs. 29, 30, 31, and also those of 
the tetrahedron and hemi-hexoctahedron inclined. Fig. 32 ; two cubes 
intorpcnctratod are also found, Ifig. 33. Fracture, conchoidal. Lustre 
adamantine. Cleavage perfect, parallel to the octahedron. Transparent, 
translucent, or opaque. Color, white or colorless; sometimes it shows 
yellow, red, orange, ^reen, blue, brown, or black tints, which in certain 
specinieiiS may become quite dark. Index of refraction, 2.439. H.=10. 
0.=3. 5295-3.55. Composition, pure carbon. 

Pyr. At'. B. P. May be entirely burned in the oxyhydrogen 
flame, forming (5. Insoluble in acids. 

The various forms of the Diamond present the remarkable peculiarity 
ot rounded faces. This is probably owing to the circumstances in 
which it crystallizes. If a number of artificial salts are crystallized from 
a viscous liquid, some of the crystals will have plane faces, but others 
curved faces. If now when the crystals are formed, the mother liquor 
is rendered less viscous, some, but not all, of the faces will become plane. 
Those which become plane at the same time, aie generjilly those which 
are produced by the same law, and reciprocally. While these phe- 
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4xomena are taking place, the cleavage plane of the crystal remains plane, 
whatsoever may be the convexity of the crystal. 

Even the best crystallized Diamonds have a rough look and a peculiar 
lustre, which is characteristic. The variation in density is owing to the 
fact that it is sometimes mixed with foreign substances. It is the hardest 
of all known bodies, but is however very fragile, owing to the ease with 
which it cleaves parallel to the face of the octahedron. It is most 
valued when it is colorless. Rarely it has quite bright colors, which, in- 
stead of diminishing its lustre and value, increase them. It has a very 
peculiar lustre, and in order to distinguish it from all others, this lustre is 
called adamantine. It«; intensity is very variable. It may be very strong 
or weak, according to the state of crystallization, but its peculiar character 
is always preserved. This lustre is brighter in the fracture than in the 
^cleavage, which is lamellar, while the fracture is conchoidal. The 
Diamond possesses simple refraction in the highest degree. Its dispersive 
power is very great, which is the cause of its peculiar brilliancy called the 
■fire. 

With the exception of its form, the concretionary Diamond is in every 
respect similar to the crystallized Diamond. Its form is frequently 
spherical, with surfaces which are sometimes drusy or pointed with little 
^crystals. It does not show any distinct cleavage. Its fracture is almost 
fibrous and frequently radiating from a center. This variety is frequently 
colored. The amorphous Diamond has no very definite structure, and is 
remarkable only for its extreme hardness. It is found in irregular masses, 
which, when examined with a glass, are found to be made up of minute 
>cells separated by thin partitions, which have a kind of transparency, 
that gives to the mass the appearance of coke. These masses are often 
brown, or almost black, with a very feeble adamantine lustre. There 
appears to be at times, a passage from the amorphous to the crystalline 
variety. Its density varies from 3-3.4, being very much diminished by its 
interior cavities. It is lighter and less fragile than the two preceding 
varieties. The powder is grayish, almost the same color as that of the 
crystallized variety It is sometimes called the Black Diamond. It is 
easily recognized by its hardness and lustre. M. Mene heated Anthracite 
from Creusot, having 2 ^ of ash, in a crucible for a long time, when it 
assumed a metallic lustre and cut glass. The Diamond may be considered 
as pure Carbon. This fact was discovered in 1G94, when it was burned 
for the first time in the academy at Florence, by a powerful burning glass. 
The crystalline colorless varieties, gave only 0.01 ^ of ash. In the 
colored varieties the proportion is larger, the Black Diamond giving 
2-3 ^. The appearance of the ash varies ; that of the crystallized varieties 
is crystalline, and that of the Black Diamond resembles the ashes of 
vegetable fuel. 

For many years the Diamond was supposed to be the product of 
organic action, but it is now everywheie admitted that it is a mineral. 
What proves it, is that some Diamonds contain other mineral substances 
such as Gold, &c. ; besides minerals, it contains germs of Fungi, and 
fibers of vegetable structure of a higher organization, from which it does 
not seem to have been formed at a very high temperature. Some 
Diamonds contain red, white and black spots, and if they are heated to 
redness, and protected from the air, these spots disappear. This property, 
which is well known to and used by jewelers, seems to prove that the 
temperature at; which the Diamond was fomied, was below red heat; 
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Another experiment made by Jacquelin, in which he transformedthe- 
Diamond into Graphite, by exposing it to an electric current, seems to- 
prove that Diamond and Graphite are only allotropic conditions of carbon, 
differing in the temperatui-e at which they were formed. The Diamond' 
has probably been formed like coal, by a slow decomposition of substances 
containing carbon, whether vegetable or mineral It has been formed 
under the same conditions as regards metamorphism, that have produced^ 
the argillaceous shales and gold-bearing rocks which accompany it The 
schists which were altered, may have been shales impregnated with hydo- 
carbons. The formation of Diamond from a hydrocarbon gas is quite 
analogous to the formation of sulphur from HS in the wet way, where, 
the hydrogen becoming oxidized, only a part of the sulphur becomes 5, 
the rest remaining as Sulphur ; so in the humid oxidation of the hydro- 
carbons the hydrogen is oxidized, part of the carbon becomes C, while 
the rest of the carbon may crystallize as Diamond. 

Formerly the Diamond was cut in flat stones, having large parallel 
faces ; this method however gave only a little fire, and now the methods 
which are generally adopted are the forms called Rose and Brilliants. 
The Rose has usually two plane parallel faces, the one below being larger 
than the one above, but the upper table is sometimes surmounted with a 
pyramid, Fig, 35. This method of cutting, however, diminishes the 
amount of fire and it becomes necessary to set the stone with an opaque 
back, which is generally of silver, thus throwing back the rays of light 
and increasing the fire. This method of cutting is only used for flat 
stones which do not have a good form. The method of cutting 
in Brilliants, I7ff. 34, is much better adapted to stones of value. It 
consists of an upper plane, which is quite large and generally square, with 
the angles cut off. This is surmounted by a border made up of triangular 
or lozenge-shaped faces. This border generaUy occupies, one-third of the- 
whole height of the stone. There is sometimes another border below- 
called the pavilion, which occupies the other two-thirds of the height, the- 
faces of which have the same general shape, but are longer. This is-- 
tenninated by a lower plane similar to the upper one, but much smaller. 
This method of cutting is the best for the fire, since the rays of light no 
longer traverse the stone but are thrown out of it by th** upper face- 
through which they enter. For this reason the stones are always set 
op»i. There are special methods of cutting for those stones, which* 
would lose too mudi of their weight by being cut in the ordinary way. 
It is expected that a rough Diamond wiU lose A of its weight in cutting. 
When the stone is of a remarkable size a mould is generally taken of it in- 
plaster. This model is then cut, so as to allow the largest possible brilliant. 
In this way the method of cutting which wiU make the stone lose the- 
least possible weight is determined. When the stone is very large and 
would lose too much of its weight by cleavage^ it is simply worn down 
and then polished, but it would take three or four years to cut a large-sized 
stone b v friction ohIt. A cut Diamond sometimes seems to have defects : 
this may be owing to the fact that some of the natural faces have been left 
in order not to rednce the size of the stone too much. Such feces are- 
alwavs very smalL This is the case with the stone known as the '^ Star 
©f the Soath.*" 

The ancients knew nothing about cutting the Diamond, but wore as- 
ornaments oniT the natural stones. Thev chose alwavs the most re^nlar 
ones^ especiallT those with sharp edges. It was not until 1456 that 
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Berquen, of Bruges, in Belgium, discovered the method of cutting the 
Diamond so as to increase its lustre. The first step in cutting is to take 
ofif the outer coating of the stone by means of the natural cleavages ; ii 
in this operation it becomes apparent that the texture of the stone i» 
uneven, or that it is covered with knots, it is thrown into the refuse to be 
powdered. If the stone passes this test, it is ground according to the 
form that it is to receive, by rubbing two stones together under water. 
When the approximative form has been given in this way it is fastened 
to a stem of copper, terminated by an instrument destined to hold 
the stone which is held in position by casting fusible metal around 
it. The face is now finished by bringing it against the surface of a wheel 
made of soft steel and covered with diamond powder and oil. This 
wheel is horizontal and the stone is inclined upon it at the angle which i& 
intended for the face. In this way the stone is polished, each face being 
successively produced. The Diamonds which are not fit to cut and 
which are not needed for powder are used for the ends of tools for 
drilling or turning hard rocks, such as Granite and Porphyry. The 
small stones which have very sharp edges are used for cutting glass;, 
those which are best adapted for this purpose are those which have the 
termmal angles of the octahedron, because in this case there will be but 
a single point of the Diamond in contact with the glass which cuts the 
latter, without crushing it. Wollaston has shown that every stone which 
scratches glass, as Corundum, Quartz, etc., cut in the same way, will alsa 
cut glass giving a clear cut. The clear stones of Diamond have for a 
long time been used as jewels for watches. The Black Diamond has alsa 
been used for a long time for turning, and lately in this country foj 
drilling the harder rocks. 

A Diamond of 5-6 carats is a very large stone, those of 12-20 are very 
rare and very few are known that weigh more than 100 carats. 

Weight of Historic Diamonds. 

Carftts. Carats. 

Rajah 367 Piggott 82} 

Great Mogul* 279-,fij Nassac|| 78| 

OrlofF 194i Dresden 76^ 

Koh-i-noort 186 Sancy 53| 

Portuguese 148 Eugenie 51 

Florentine (yellow) 139| Pasha 49 

RegentJ 136| Dresden (green) 484 

Star of the Sou th§ 125} Hope (blue) 44} 

Koh-i-noor (recut) 106^^ Polar Star 40 

Shah 95 Cumberland 82 

Sultan of Turkey 84 Russian (red) 10 

Jewelers acquire by practice the habit of distinguishing between the 
Diamond and all other stones which are used to imitate it. It requires 
long experience and practice to acquire this power and it is better to use 
some scientific means than to trust to the judgment alone. These means 
are given in the following table. 

* Uncut it weUrhed 900 carat«. t Uncut it weighed 798 oaratii: it it supposed tLat another 
0tone welfching 180 caratx was cut off the original, t Uncut it weighed 410 carats, f Uncut it 
weighed 261^ carats. 9 Uncut i'x. weighed 89} carats. 
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Tabli for Distinouishino Precious Sroxiia. 



Diamond. 

Ruby, Sapphire 
and Oriental 
Ametliyst. 

Chrysoberyl. 

White Topaz. 

ChrysoHte. 

Emerald. 

Spinel. 

Zircon. 

Quartz. 

Strass. 



DentUy, Rt^fraetion. 
3.52-3.55 simple. 



Index 

R^racUon. 

2.455 



ElecirieUy 

Positive, not darable. 



3.9-4.3 Double. 1 axis. 1.7G5 Lasts several hours. 



3.5-3.8 Double. 1.760 

3.4-3.6 Double. 2 axeH. 1.635 

3.3-3.5 Double. 1.660 

2.6-2.8 Double. 1 axis. 1.585 

3.4-3.8 Simple. 1.755 

4.4-4.6 Double. 1 axis. 1.990 

2.6-2.8 Double. 1 axis. 1.549 

var. 3.5 Simple. 



Lasts several hour?. 

More than 24 houn. 

Positive. 

Positive. 

Not tried. 

Positive, not durable. 

Positive, not durable. 

Not durable, variable. 



The Diamond has never yet been found in place, but only in alluvial 
formations. In Brazil, in the province of Minas Geraes, it is found in a 
sandstone, which is probably a metamorphic rock, called Itacolu- 
mite or flexible sandstone. It is often pierced by minerals which may 
have penetrated it after its formation. It is made up of crystals of Quartz 
that interlock with each other so as to allow of a little movement. It is 
possible that the Diamond may also have been formed and penetrated this 
rock like the other minerals it contains. Fragments of Itacolumite con- 
taining Diamonds have been offered for sale at Rio Janeiro 

Many attempts have been made to reproduce Diamond artificially but 
only very small crystals, if any, have ever been made. Any attempt to 
reproduce it is made in the dark, because we know so little about its 
natural production, and this is probably the secret of the constant 
failure to make it artificially. The mines of Brazil were first opened 
in 1727. It is estimated that since then, they have pro- 
duced two tons of Diamonds. The ilnit of weight adopted to deter- 
mine the value of the Diamond is the carat. The name is taken f»-om 
a bean of the East Indies, for which the weight of 2\ centigr. has been 
substituted. To determine the value of the stone, the price of the first 
carat iv« determined by the purity of the stone and the probable ease with 
which it can be cut. In England, a Diamond weighing one carat and of 
the purest water is worth, when cut and polished, £12. From this as a 
starting point the price increases with the square of the weight multiplied 
by 12. but in larger stones the value is generally arbitrarily fixed. The 
rough Diamonds are divided into several categories. Those which con- 
tain no defects are called stones of the first water; those which 
aru only slightly colored and have only a lew defects are called of the 
itecond or third water. Beyond this point, they aie [)l5u*ed among the 
iciUs^e and are reduced to powder to poHsh those of the other classes. 
The dealers in rough stones acquire the power of distingui.^hing the water 
of a rough stone by simply breathing upon it. Kot only the water, but 
the color may be ascertained in this way after practice. If the stone 
4ireathed upon is light green, the Diamond is colorless and of the first 
water. If it is pale yellow, it is fawn color and of the second water. A 
milky white will give a bluish tinge called celestial-blue, of tiie second 
^vater ; gold-yellow gives a reddish tinge of the second water. Stones 
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which have deep colors are called fimcy stones. They may be green, red, 
blue, or black and have a high value on account of their rarity. In an 
invoice of rough Diamonds there is generally one-third of the tirst water, 
one-third of the second, and one-third of a quality for reducing to pow- 
der for polishing. This proportion will of course vary, with the place- 
trom which the stones are sent. The stonfes which came from the mines^ 
of India, now no longer worked, contained more of the first water than 
those from the Urals, Brazil and South Africa. 

'J'he Diamond is found in this country m Franklin, Rutherford and Hall 
counties. North Carolina, in Manchester, Va., and in several places in Cal- 
ifornia, and it is reported from Idaho. 

FORMULiB OF THE ORTSTAL& 

Fig, 18. 0. Fig. 19. ooO, with curved faces. Fig. 20. 3 0f^ 

with curved faces : characteristic form. Fig, 21. 3 f . O. Fig. 22. 

30 » ■ 
00 J. i^i^r. 23. 00 f. 00 O 00. Fig 24. — y?. Fig. 25. Distorted 

form of Fig, 20. Fig. 26. Hemitrope ; composition-face 0. Fig. 27^ 
The same. Fig, 28. Hemitrope of Fig, 21 ; the middle portion of the- 
crystal, between the opposite sets of six planes, is wanting. Fig. 29. In- 
terpenetrating tetrahedra; composition-face O. Fig, 30. The preceding^ 
with the octahedron. Fig. 31. Interpenetrating tetrahedra. Fig. 32. 
Twin crystal formed by interpenetrating crystals, with the combination 

' ^ . -jr-. Fig. 33. Interpenetrating cubes. Fig. 34. Form of the- 
Brilliant. Fig, 25. Form of the Rose Diamond. 

Graphite. C. Hexagonal. 

Syn — Plumbago, Black Lead, Reissblei, Fer carbur€. 

It crystallizes in hexagonal tables, with traces of a rhombohedron of 85* 
29'. Other forms are sometimes found, but it is generally not very well 
crystallized. Cleavage very easy, parallel to the base. Lustre, raetaUic. 
Opaque. Color, black. Streak, black and shining. Flexible in thin 
lamellae. Sectile; soils the fingers. H,=l-2. G, =2.0891. Compo- 
sition, pure carbon. 

Pyr, dec. B. P. Infusible. At a high temperature burns, leaving^ 
generally a little red ash. Not acted on by acids. 

It is rarely ever pure, and when used must undergo a careful 
preparation to separate it from foreign substances. By many it ia 
considered as the ultimate form of the coals of vegetable origin. It 
appears to be produced by the decomposition of some organic matter. 
It is frequently found associated with Calcite and the granular variety of 
Amphibole, called Pargasite. It can only be confounded with 
Molybdenite, which is of a bluish color, and which gives a greeni«h 
streak on glazed porcelain and the molybdenum reactions betbro the 
blowpipe. It is largely used in the arts for the manufacture of lead 
pencils and crucibles, and also as a lubricator. It has been found in the 
U. S. in Massachusetts, Connecticut, Vermont, New York, North Carolina^ 
and elsewhere. 
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Carbonic Acid. 0. 

Stn. — Kohlensaure, Acide carbonique. 

Carbonic acid is given oflf from many mineral waters, and near some 
Tolcanoes. G,= 1.5245. Taste, slightly acid and pungent Destroys 
life. Composition C 27.27, O 72.73. 

The Saratoga and Ballston waters owe their sparkling to this gas. 
Sometimes its disengagement is distinctly traceable to the decomposition 
of carbonates, but generally this phenomenon is more or less intimately 
connected with volcanic action. In some countries, as in France, the 
soil is impreo:nated with Carbonic acid, which is such a serious obstacle 
as to entirely prevent the working of certain mines. A pit which was 
iuU of Carbonic acid has been known to empty itself after standing for 
yeai-s, the gas following the track of a road and suffocating horses in a 
stable more than 100 meters from the orifice of the pit. In the island of 
Java, there is a valley filled with Carbonic acid which is called the 
" Valley of Death," the sides of which are strewn with the bones of men 
And animals. It is probably the crater of some extinct volcano, or is 
-connected by fissures with some permanent source of Carbonic Acid. 

BORON. 

Sassolite. S' B. Triolinic. 

Syn. — Sassoline, Boric acid, Borsaure, Acide Boracique. 

It crystallizes as a doubly inclined rhombic prism of 1 18* 30'. Crystals 
are however quite rare. It has a very perfect basal cleavage. Lustre, 
pearly. Translucent. Color, white, or yellowish, sometimes gray when 
associated with Splphur. Taste, slightly acid, saline and bitter. Feels 
smooth and unctuous. 1I.=1. G,=1.48. Composition, B 56.4, fl 43,6. 

Pyr. &c. B. P. In a closed tube gives off water. Fuses to a clear 
•glass, coloring the flame green. Soluble at 100°C. in 2.97 parts of water. 

It is quite rare in nature. The eruptions of some volcanoes have pro- 
■duced deposits of little white crystals of Sassolite sometimes associated 
with Sulphur, which have a peculiar and waxy lustre. The crystallization 
is usually very imperfect, and they are generally nothing more than silvery- 
white scales. It occurs also in considerable quantities in the lagoons 
of Tuscany. It is easily recognized by its lustre and the green flame 
before the blowpipe. 

SILICOiy. 

Oxygen Oompounds, 
Quartz. Si. Hexagonal. 

Syn. — Bergkrystall, Quarz, Kiesel. 
Silicic acid alone constitutes the mineral Quartz. This mineral is sus- 
ceptible of a large number of very remarkable allotropic conditions, which 
are distinct by their mineralogical, physical and chemical properties. They 
might constitute a number of distinct mineral species. It would however, 
be difl&cult to separate them, on account of the gradual and imperceptible 
passage of one into the other. They are therefore united under the name 
Quartz and regarded simply as varieties of the same species. 
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We shall thus consider : 
•Crystallized Quartz, 

<^ONCRETIONARY QuARTZ AgATE OF ChALCEDONT, 

Jasp£r, 

SiLEx or Flint, which is more easily attacked by alkalies than the other 
varieties It is never pure. 

^ARTHT Quartz, sometimes in the shape of flour and, in every way analo- 
gous to the silicic acid produced in the laboratories. It is often formed 
of the skeletons of infusoria. 

<Quartzites and Sand. 



Quartz crystallizes in rhombohedra of 94' 15'. It has a very difficult 
cleavage, parallel to the faces of the primitive rhomboliedron. In order 
*to produce it the crystal must be heated and thrown into mercury; if 
thrown into water it would split, without cleaving. The primitive rhom- 
bohedron of Quartz is veiy rarely found, and is always in very small 
crystals. A form which is sometimes found is the rhombohedron, with 
tne hexagonal prism, PI. II. Fig. 3. The faces of the prism are then 
always striated parallel to the horizontal diagonal of the rhombohedron, 
i. e. across the faces of the prisms. The most general form however is 
tbe combination of the two rhombohedra, R and -R, by which the prism 
is apparently tenninated by an hexagonal pyramid, Fig. 2. These faces 
-are frequently very unequally developed as in Figs. 9 and 33, and i>enerally 
show a difference in lustre. In some varieties, especially the op'^inue ones, 
the two rhombohedra are equally developed, which gives an hexagonal 
pyramid with equal faces. Fig. 2. When the hexagonal prism 

•disappears, we have a complete hexagonal pyramid. Fig. 1. It some- 
times happens that two and even three rhombohedra at different angles 
.are placed together, giving rise to pointed forms. Figs. 10, 11, 12, 13, 
and 32. The faces of different rhombohedra usually have different lustres. 
Crystals of Quartz are capable of a peculiar kind of hemihedry. Some- 
•times the faces of the tetarto-dihex agonal pyramid (plagihedron) are 
observed. Figs. 5, 9, 11. The right and left forms, when they occur together, 
make a scalenohedron. Fig. 14. It may happen that a series of two and 
•even three plagihedral faces occur at the same time. These two series 
of plagihedral faces have very remarkable and different optical properties. 
They show the plane of polarization turning in opposite directions. This 
hemihedry is frequently the cause of peculiar phenomena, and sometimes 
•changes the lustre of the faces. Some varieties, especially those which 
are violet or dark yellow, frequently have a velvety lustre in their trans- 
verse fracture, instead of being vitreous as they generally are. If we ex- 
..amine this fracture with the microscope, we shall find that it is produced 
by little faces fitting the one in the other. These faces are alternately 
plagihedral right and left, so that the fracture has undulations which give 
it the velvety appearance, the different faces reflecting the light sometimes 
in one direction and sometimes in another. Faces of the trigonal 
•pyamid are often observed. Figs. 5-7. Hemimorphic crystals, however, 
:are very rare, Fig, 15. Twin crystals of Quartz occur very frequently, 
the most usual ones being those formed by interpenetration. Figs. 16, 17, 
28 and 30, or by juxtaposition parallel to the vertical axis, Figs. 18 and 19. 
More generally, however, they are very irregular, so that one rhombohe- 
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dron is distributed unevenly through the faces of the other, as in Fig, 31^ 
in which the shaded parts of the pyramidal faces are-R and the unshaded 
parts R. The same formation can be very often observed upon the iaces- 
of the prism, Fig. 29. Geniculated twins also occur, Mg. 20. Crystals of 
Quartz are often found which have been compressed, and the real crystal* 
line form is very often concealed by this deformity. This compression may- 
take place parallel to two of the faces of the hexagonal prism, as in IHgs. 

21 and 27 ; when at the same time it is lengthened in the direction of the 
horizontal axis, forms similar to Mgs. 25 and 26 result. Sometimes the 
flattening takes place parallel to the faces of the hexagonal pyramid, FHgs^ 

22 and 23, and sometimes one face of the rhombohedron is developed at 
the expense of the others, Mg. 24. Besides these, crystals variously dis- 
torted and bent are very often found. 

Its fracture is conchoidal or scaly, the pieces having very sharp edges. 
Its lustre is vitreous, but some colored varieties have a velvety lustre 
caused by the interpenetration of fibrous minerals. It may possess every 
possible degree of transparency. The colors of Quartz are very 
variable. It may be colorless, or different shades of yellow, brown, 
violet, red, green, blue or black. The colorless varieties are some- 
times called Hyaline Quartz, and the yellow False Topaz. The bro\m 
and black are called Smoky Quartz, and the violet varieties Ame- 
thyst. The other permanent colors are white and rose. Almost ail 
of these colors admit of being transparent There are a few, such as red 
and yellow, which are always opaque. A variety much esteemed is 
known as Aventurine, which is Quartz filled with yellow mica ; it is often 
called Gold Stone. This stone is very often imitated and is not to be 
confounded with the variety of Feldspar, that has the same name, 
StreaK, white or lighter than color. It acquires vitreous electricity by 
friction, but loses it very quickly. H,=7. Cr.= 2.5-2.8. Composition, 
Si 46 67, O 53.33. 

Pjrr. Ac. B. P. It is infusil)le by the ordinary manipulations 
with the blowpipe, and with difl&culty fusible in the oxyhydrogen flame. 
It is not acted upon by any acid except HFL 

When it crystallized the Quartz may have become associated with 
other substances. Thus the blood-red varieties, as Hyacinth Quartss, 
which are generally doubly terminated, are impregnated with anhydrous 
sesquioxide of iron, which sometimes only forms an interior or exterior 
film. The violet varieties, Amethyst, are often colored by organic matter, 
but generally by manganese. The brown, smoky varieties appear to be 
colored by organic matter. Wohler announced some years ago that he 
had discovered free silicon in these varieties, which however existed 
only in traces. The brown color however does not seem to be owing to 
this cause, for it disappears or at least becomes lighter when the crystal 
is heated. The same is true of the rose and yellow varieties. This 
property is made use of by the jewelers, who heat them until they have 
assumed the exact color of real Topaz. The mineral may be colored 
artificially. To effect this it must first be heated and thrown into watei, 
by which fissures are produced. It is then placed in oil or honey and 
there results a feeble coloration which is most apparent in the fissures. 
The colored varieties produced by plunging Quartz into metals in fusion 
are called Rubasses. The color is produced by the oxidation of the thin 
51ms of metal that penetrate the cracks. Ebelmen succeeded in makinsj 
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jilicic acid enter into combination with certain organic substances; a 
substance was thus formed wliich gradually deposited its silica. 

Quartz frequently envelops crystals of other substances such as Barite, 
Rutile, Pyrite, Asbestus, Chlorite, Epidote, or even substances which 
would be affected by heat, as Stibnite and some carbonates. Sometimes 
it contains cavities, which are filled with a liquid that makes itself 
apparent by little bubbles of gas. Davy after examining this liquid, 
and Brewster after studying its optical properties, came to the conclusion 
that it was a very volatile liquid, so volatile that when the crystals 
Were cut, the sides of the cavity becoming thin, the crystal burst with a 
Slight explosion and the liquid was immediately volatilized. Besides this 
We have seen that under the influence of heat the colorations of Quartz 
changed ; these circumstances would seem to indicate that Quartz was at 
ieast sometime-j, if not always, formed at a relatively low tempera- 
tiire. Within a few years very distinct crystals of Quartz have 
been produced artificially at a temperature of 150* or leO'^C. Crys- 
tfitls of Quartz are also found in the Chalk where they must have 
t>een formed at a low temperature. The appearance of crystal- 
lized Quartz is often modified by the foreign substances which it 
Contains and we sometimes see faces of increase in the interior which 
fckave been covered with other substances. These faces oflen times do 
riot adhere very closely and can be separated by a blow. This 
I>henomenon produces the crystals known as cap crystals. Generally 
X^Jne material which thus covers the crystal is oxide of iron or chlorite. 

FORMULA OF THE CRYSTALS. 

Fl II. 

mg. 1. R. -R. Mg, 2. ooP. R. -R. Fig. S. ooP. R. 4R. 

-^ig. 4. 00 P. R. -R. 2PJ; the latter faces occur frequently and are 

Visually very brilliant. Fig. 5. 00 P. R. -R. 2 P 2. 6 P g ; the lat- 

^t^r faces form the plagihedron or trigonal trapezohedron. Figs. 6 and 7. 

<x P. R. -R. 2 P 2 ; showing the difference between, and the position 

of the left-handed and right-handed trigonal pyramids. In FYg. G the face 

2 P 2 is (eft of the face R, and in Fig. 7 right. Fig, 8. oo P. R. -R. 
4R. 6P|. 2P2. Fig. 9. ooP. ooP2. R. -R. -7 R. 6 P «, 
showing the tetartohedral face of oo P 2 ; from Carrara. Fig. 10. oc P. 
R. -R. -7R. 6P|. 2P2; from Dauphiny. Fig. 11. oc P. R. 
-R -11 R. 6P|. Fig. 12. -11 R. R. -R; with the rhombohedron 
-11 R predominating, also from Dauphiny. Fig. 13. oo P. K. -R. 

3 R. -^ R. 6 P f 4 P f ; from Switzerland. Fig. 14. oo P. R. -R. 
6P|; remarkable because 6P| is hemihedral, forming a scalenohedron, 
as both the right and left forms are present; from Brazil. Fig. 15. 
00 P. OP. R. -R ; a very rare hemimorphic crystal. Fig. 16. Inter- 
penetration twin. Fig. 17. Hemitrope ; composition-face OP. Fig, 18 
Twin crystal by juxtaposition. Fig. 19. The same. Fig. 20. Genicu- 
lated twin; composition-face P2. Figs. 21-27. Distorted crystals. 
Fig. 28. Group of crystals, showing the formation of the striations 
upon the prism. Fig. 29. Interpenetration twin crystal. Figs. 30 

2 
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and 31. Twin crystals, sliowiug regular and irregular inlerpenutra- 
uon. The unshaded parts aie R, and the shaded parts -R. Hg, 32. 
Pointed crystal, with a series of different rhombohedra. Fig. 33. R, 
-R. 00 P; with R predominating. 

Concretionary Quartz or Agate is less pure than the crystallized 
Quartz. It contains \% of metallic oxides and sometimes alkalies, which 
appear to remain as witnesses of the solutions which have deposited the 
Quartz. It has a variable hardness, but always much less than that of 
crystallized Quartz. Its fracture is generally scaly and rarely fibrous. 
When examined by polarized light small needles are sometimes seen, 
which would appear to indicate an incomplete crystallization. It is 
generally mamelonated and stratified. Sometimes it looks like a mem- 
brane, as if it had been a gelatinous substance resting on a few points and 
had afterwards contracted. It frequently moulds itself into cavities, left 
empty by the solution of crystals of Fluorite, Calcile and Gypsum, and 
takes the shapes of organisms, and especially of fresh water shells. It is 
also found lining large geodes in concentric layers, each layer being of a 
different color. This is the variety sometimes called Ribbon Agate. 
Some Agates remarkable for their colors are made use of in the arts, such 
as the blue variety called Sapphirine, which is the variety that usually 
fills the cavities left by Fluorite. The Sardine stone, which is a brownish- 
yellow, CarneUan, clear red, Chrysoprase, clear apple green, and Prase, 
dark green, are also varieties that are often made use of for ornamental 
purposes. These colors are sometimes caused by metallic oxides, but more 
frequently by organic matter. It may be colored by imbibation like crys- 
tallized Quartz. The varieties which contain crystalline substances 
ramified like vegetation, are called Moss Agate. This disposition is often 
produced by metallic oxides, such as those, of iron and manganese, and 
sometimes Stibuite, which are crystallized in dendrites. Sometimes the 
satiae effects are produced by fractures which were formed while the 
Agate was being deposited. Agate may have every degree of trans- 
parency, and it often replaces the structure of organisms. This is done in 
a peculiar way and by a method of petrifaction which nature has not ex- 
plained, and which is entirely distinct from the filling up of the cavities 
left by other crystals, of which we have already spoken and which often 
takes place in fossil shells. Concretionary Quartz takes the place of the 
organism almost molecule for molecule, the empty spaces remaining empty 
and the full parts only being replaced. This is often seen in wood and 
animal organisms, which are entirely converted into Quartz, but which 
retain their own proper structure. With the Madrepora and other species 
this replacement is so perfect, that even the name of the species can be 
determined. The Moss Agate may be artificially imitated, by causing 
nitrate of silver to penetrate ordinary Agate, when the former crystallizes 
and turns black under the influence of lighi. The zoned or Ribbon 
Agate is much used in the arts. When the zones or strata are in 
parallel layers, and the colors in great contrast, this vari(;ty is called Onyx. 
Ordinary Onyx is a combination of black and white, while the Sardonyx 
consists of a combination of the Sard with white. The variety which is 
penetrated by Asbestus, when cut in carbuncle tbrm, is known as Cat's 
Eye. Agates are often used lor cameos, in which case they must have 
parallel layers of difierent colors. These are often produced artificially. 

Jaspkk is the name given to all the higlily-colored opaque varieties of 
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Quartz. One of the most beautiful kinds is the variety called Heliotrope or 
Bloodstone, which is green, spotted with red. The variety found in 
parallel bands of dijfferent colors, called Ribbon Jasper, is not always 
composed entirely of Quartz. It contains fusible portions which are 
probably Feldspar. The red variety of Jasper, when polished, is much 
used for ornaments. Jasper is a state which may be affected by any one 
of the varieties, and is especially interesting on account of its use in the 
arts. 

In the variety of Quartz called Silex or F'lint there is no trace of 
<jrystallization to be distinguished, even under the microscope. The sili- 
•cic acid is still less pure than in Agate. It would seem as if it was in a 
different condition from that of the two other varieties. It even differs 
A little from that of Agate in its chemical characters, for it is easily 
attacked by alkaline solutions, a property which is used in certain 
localities for preparing on a large scale the soluble silicates used in 
painting. It frequently shows a passage into Agate, and even into 
crystallized Quartz. In the Silex or Flints that occur in the Chalk, some 
parts are found which are quite analogous to Agaie, sometimes even 
resembUng little crystals. Silex is found in two distinct states. The 
first is called Pyromac, but is generally known as Flint. It is found in 
the Chalk formation, the layers of Flint being distributed in extensive 
beds in which the nodules are not contiguous. Their forms are very 
irregular, sometimes ramified and having rounded edges, and .generally 
the outside is covered with Chalk. The fracture is quite perfect, with 
very sharp edges; somewhat translucent. The fracture and the colors 
are always duU, generally white, gray or black. The dark varieties are 
the most frequent. These colors appear to be owing to organic matter, 
for when it is heated it becomes white and opaque, giving off water. 
The black varieties treated with bichromate of lead give off carbonic 
acid. In most of the arenaceous formations it has undergone a very 
singular transformation, the sand being composed of very small crystals 
of Quartz and Silex which have become farinaceous, though still 
preserving their form. The second variety is known as Quartz-millstone. 
It has a peculiar look and is full of cavities, sometimes resembling a 
eponge. It frequently resembles the reticulated tissue of bone. This 
variety is found in . regular beds, especially in the Tertiary formation, 
which contains the Fontainebleau Sandstone. They are used for millstones 
when the texture is fine, and for building purposes when it is coarser. 
When the texture becomes spongy, they are used for fortifications. They 
become crushed under the stroke of the projectile and thus the ball loses 
& large part of its living force. It replaces organisms, especially the 
Echinoderms. It is however done by filling up the empty spaces and 
preserves no trace of the organization. 

The variety called Eartuy Quartz is an allotropic condition which is 
entirely distinct from the preceding. This earthy silica is sometimes called 
Flowers of Silica and is almost entirely soluble in alkalies. It is found in 
& number of varieties. The Flints of the Chalk formation are covered ovei 
with a white crust which appears at first sight to be chalk. It does not 
however etFervesce, and it is in fact earthy silica, which is almost entirely 
soluble in alkalies. These Flints often rattle when they are shaken. This 
is caused by the interior being incompletely filled with this earthy silica, 
which is eiiiirely analogous to that which forms the exterior crust. This 
deci.M'ipositioii is often car^'i'^d so far as to make a light porous mass, which 
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floats upon water and i^ called Float-stone. This same phenomenon is 
sometimes observed in some calcareous silicates, from which the lime haa 
been dissolved. The G-eysers of Iceland deposit a variety of silica, very 
analogous to this form, called Geyserite. The waters of these springs are 
charged with alkaline silicates, which decompose and deposit silica. 
When this rock is examined with the microscope, it is found to be made 
up of little concretionary spheres quite analogous to geodes of Agate. AU 
these varieties of Earthy Quartz are rough to the touch, but there is another 
variety, made up of the skeletons of infusoria which is much smoother. 
The skeletons of these animals consist of silica, instead of phosphate ol 
lime. This variety is known under the name of Tripoli, and is very much 
used for polishing. Under the earthy aspects, silica has only negative 
characters. It is known by its infusibility and not dissolving in acids, 
and it is not plastic when moistened, as clays are. 

Sand is the name given to Quartz when in small fragments. Sands may 
be of different kinds ; sometimes each grain is a complete crystal ; some- 
times it is rounded or concretionary ; and sometimes it appears to have na 
form, but to be made up of fragments of crystals. These grains of Sand 
are often united together by a cement. The cement may be metallic a& 
sesquioxide of iron, or it may be lime or silicic acid. This produces a 
Sandstone. When the fragments are large and round, the rock is called 
Pudding-stone, if angular. Breccia. When the cement is silicic acid it 
forms a rock which is called Quartztte. In this case a metamorphic action 
has often taken place which changes the condition of the Quartz, so that 
the mixture becomes entirely uniform and the fracture gives sharp edges. 
At Fontainebleau the Sands contain sufficient lime to cause them to crys- 
tallize with the form of Calcite, even when they contain as much as 80-85 ^ 
of silicic acid. Quartz is found in great abundance in all parts of U. S. 

Opal. Si. 

'Stn. — ^Fire-opal, Feueropal, Menilite, Hyalite, Fiorite, Kieselsinter, Float 
Stone, Schwimmstein, Tripolite, TripoH, Kieselguhr, 

Alumocalcite, Hydrophane. 

Opal is sometimes called Quartz-resin ite. It is however distinct from 
Quartz, both in its chemical reactions and in its composition. It is a 
dimorphous form of Quartz. Its fracture is smooth conchoidal like Silex, 
but it is brilliant, almost sparkling, with a peculiar lustre known aa 
opaline. The lustre of Opal is vitreous, pearly or resinous. Transparent, 
translucent, opaque. Color, white, yellow, red, brown, green, often with 
a very bright play of colors. Streak, white. 11[,=5.5 — 6.5. 0,= 1.9-2.3. 
Composition, Si as for Quartz; but it contains a variable proportion of 
water, from 3-21 ^, which it may sometimes be made to give up and 
take again. In a vacuum it loses its water and becomes entirely opaque. 

Pyr, Ac. B* P. It is infusible before the blowpipe, but loses 
water and becomes opaque. In some varieties, the transparency may be 
made to reappear by plunging it into water. Sulphuric acid frequently 
turns it black, which shows that it contains organic matter. Some varieties 
turn red, owing to the presence of sesquioxide of iron. It is soluble in 
alkalies, but not so easily as the calcined silica of the laboratories. 

The transparent varieties are called Hyalite. They have a mamelo- 
nated and stalactitic form. The variety known as precious OpaJ is 
generally found disseminated in trachytic or porphyritic rocks and has 
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frequeutlj very brilliant colors. Such Opals are liiglily prized as objects 
of ornament. The exact cause of the play of colors is not pertecily 
understood. It appears to be owing to the hydration of the silicic acid, 
for if an Opal is heated it loses the fire, but sometimes regains it in a less 
degree when it is put into water. Fire Opal is the name of a red variety, 
with a bright play of colors, from Mexico. Jewelers recognize two varie- 
ties of precious; Opal ; one of them, called hard Opal^ retains its fire with- 
out any sensible diminution ; the other, called 8oft Opal, loses its fire after 
a time altogether and changes color. It is always most brilliant after an 
exposure to a damp atmosphere for a certain time. The varieties which 
show no play of colors are called Semi-Opal. Some milk-white varieties 
•which are sometimes a little yellowish, but never transparent, become 
•transparent when put into water and give off little bubbles of air, and are 
called Hydiophane; when it is put into different liquids, a.«< water and 
alcohol, their anule of refraction changes, but this refraction does not ap- 
pear to have any relation with the liquid which has been absorbed. A 
very impure variety is found near Paris, which is called Menilite. It is 
very fragile and seems to have been formed in a pasty s^tate. Opal has 
ew&ry variety of color ; one of the most curious is the rose variety called 
Quincite. It occurs disseminated through limestone and contains consid- 
erable magnesia. 

Opal may, like Agate, replace organisms and especially the woods of 
die Monocotyledons, such as the palms ; such pseudomorphs are called 
Wood Opals. The impure varieties are tound in many places in the U. S. 

SILICATES. 

ANHTDROUS SILICATES. 

L Bisilicates. 

AIWPHIBOLE GROUP. 

Wollastonlte. Ca 3i. Monoclinic. 
Syn. — Tabular Spar, Tafelspath. 

It crystallizes as an inclined rhombic prism of 87° 28'. It is rarely found 
4n crystals, PL II. Fig. 34, and these are not often simple. It is general- 
ly in crystalline masses, which are lamellar or bacillary. Cleavage easy, 
parallel to the base. Fracture, uneven. Lustre, vitreous or pearly on the 
cleavage faces. Translucent. Color, white, yellowish, brownish or red- 
<iish. Streak, white. H.=4.5-5. G.=2.78-2.9. Composition, Oa 48.3, 
5i, 51.7. 

Pyr. &c. B. P. Fuses easily on the edges. With S Ph. it dis- 
solves and gives a skeleton of silica. When heated it becomes phospho- 
rescent. With acids, it gelatinizes. Most varieties effervesce in acids, 
owing to the presence of a little Calcite. 

It will be seen that this mineral has the same form and the i^ame 
formula as Pyroxene. The angle of the primitive form is different, how- 
ever, and its optical properties are so distinct, that it cannot be 1 1 Raided 
as isomorphous with it. A compact variety, which is pinkish, has been 
found in Lake Superior. It is distinguished from Tremolite by gelatinizing 
with acids. From the Zeolitic minerals and the hydrous silicates, by the 
absence of water. From Asoestus and the fibrous varieties of Brucite, by 
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the action of acids. It is found in several localities in New York, Pena- 
sjlvania and Michigan. 

FORMULA OF THE CRYSTAL& 
PL II 

Fig. 34. OOP. ocPj. ooPoo. cx)P2. OP. -6 Poo. -Poa 
•4P00. jPoo. Poo. 3Poo. 2Poa -2P. 2P. -2P2. 2P2j 

from Vesuvius. 

Pyroxene. 

Pyroxene embraces several varieties of minerals, all having the same 
general formula It Si. G-enerally only bases having one atom of oxygen 
are included under this species. The relation of the oxygen of the base 
to the oxygen of the acid is as 1 : 2. The bases which make up S are 
Ca, Mgj^^e, and rarely Mn and 2n, which are never present in large propor- 
tions ; S'a and & have been found in some varieties, but they appear to be 
accidental, and not essential elements of its composition. Ca is ther 
only base that is always found in large proportions. Besides these sub- 
stances, analysis has shown that the mineral sometimes contains ^1. The* 
presence of this substance cannot be explained according to the laws of 
multiple proportions, for it cannot exist here, except as replacing a certain 
quantity of the 'k or Si, or as a mechanical mixture. If we admit as 
some chemists do, that it is possible for XI to replace Si, we should be 
obliged to change tlie equivalent of aluminium. There is no other reason 
for doing this, and it should not be done on such an unsubstantial founda- 
tion. The explanation of a certain quantity of 3tl as a mixture in the Si is a 
sufficient and a rational explanation. The species will therefore be divided 
into two general families. Those containing XI, and those which do not. 
We shall take no occount of the XI, which is rarely present and always 
in very small quantities, never exceeding 8.2 ^, and shall conbider it as 
correct to adopt for the formula of the family It Si. 

Pyroxene. B Si. Monocunio. 

It crystallizes as an inclined rhombic prism of 87* 5\ with the inclina- 
tion of the prism 100" 25'. This difference allows of distinguishing it 
from Amphibole, one of the angles of which is obtuse and the other very 
acute. It has four cleavages, two of which are parallel to the faces of the 
prism and are easy. The third, parallel to the orthopinacoid is less easy, 
and the fourth, parallel to the clinopinacoid is difficult. In a single variety 
an easy cleavage is found parallel to the base. Sometimes the fracture is 
conchoidal, but generally it is lamellar or fibrous, owing to the easy clea- 
vage. Parallel to the vertical faces, it is fibrous. The lustre is always 
vitreous when it is not decomposed. Transparent, opaque. It has every 
variety of color, from white, through green to black. There are also 
colorless, clear transparent green, dark green, brown and black varieties. 
Streak, white, gray, or greenish. H.=5-6. G,=3.23 3.5. 

Pyr. &c. B. P. Fusibility from 2.5-3.75. The varieties rich in 
iron give a magnetic scoria. The reactions are very different according 
to the composition of the varieties. Usually they fuse to a glass darker 
than the sp4cimen. They are not generally affected by acids. 
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MALACOLITE. 

Lime-Magnesia Pyroxene. 
Stn. — Diopside, Alalite, Traversellite, Mussite, White Ooooolite. 

The colorless varieties are called Malacolite or Diopside. Their color ii 
white, yellowish, grayish-white or green, but the color of the cryHtala ii 
not always uniform. They are usually transparent, or at leant trauMlucjcnt. 
All the images seen through the transpareut varieties are lengthc3iiod. 
The part adhering to the rock is generally greener than the point, which 
is usually colorless. The crystalline form is usually a combination of 
the rectangular and rhombic prism, with the hemi-orthodomij, baMal pino- 
coid, hemi-pyramid and clinodome, PI. III. Figs. 7, 8, 9. The cryMtalu 
are generally long, having the form of a rectangular prisnj, whicjj predom- 
inates over the rhombic prism. They are almost alwayn siriated and 
sometimes rounded. Cr, =3.2-3.38. • Composition, for (Ua, Mg; Si, Oa 
25.8, iSlg 18.5, Si 55.7. 

Th&<e slightly colored varieties frequently become biicillary, having a 
very decided cleavage parallel to the base, and the cryntal** are often very 
much flattened in the direction of the orthopinacoid. In uifu^mm the 
cleavages and stinicture produce ntriations in every direction. The 
cleavage parallel to the basal pinacoid, when the crystal if very much fiat^ 
tened, is shown in steps; for this reason these lamellar maMneft are eauily 
recognized. This variety exists also in granular mMnen diiiMemiriat^i in 
limestone. In order to distinguish it from the Amphibole family, rfjupnvm 
must be had to the measurement of the angles of cleavage. Vumi IM 
form Vialacolite might be confounded with some varietiifii of Epidot^^ but 
it can be distinguished because it is regular and symmetricaL while \Jtui 
crystals of £pidote though in the same system are not »r> much m ; the/ 
are generally lengthened in the direction of the orthodiagonal« 

rORXULA or the CRT9TjIL8« 

PI. UL 
Fig. 7. ooPoa ool^qp. ooP. 2P. -P. P, OP, /V ** 

ooPao. ooPoo. ooP. ooP3. P. 2P. 1^,9. cc K ccPo^ 

2P. P. OP, Poc. 2Po0b 

MAELTTt, 

LMmt-Ma/jMrno'Iffm Pyrwem^, 

Bn, — Baicalife. 

Some of the green varletieji of Pyroxene are calWl MtVii^. T}t^y Hf^ 
intermediate in color betwe«*n 3ffalacolif^ and the ^nrk*^ vnn/ff >/?«, \im\ttf^ 
osoally grayish-green, deep jrreen or Wa/^ki«h-pfreeri, /t ia n^unUr f*^ 
markabiefor its cryataiMne fbrm. whU^h w jrenerilly <'Wi f^ f/nftt^ArtHUfm <pf 
rectangular and rhon-.r/c priitTfA wjf>i rh»e f/a«al pir»vy/id ar»^l h^^^M-'/rf ^»/f^ 
dome, as to seem as f.r»r/ riyh*. V* bel<'/r»jf U, tit^, Offh^fthorft\>i/', »y*t^ft^ 
PL Til, Fugn 13. 14. lo. Ir, v>rr,et;rr*e« hjw a \f^f*'/':^ \,^h\ f-SfHyn/^H, 
These green Tar*>r;^ *r* '•>fr^i .V^r^d \u f^j%*fiX\\(t^, tufi»*t*M. nnton^ ^'ut^'h 
some CTv.-^aia can oe »r;er.. T:^ U^^nt^, of tl-i^ii^ ftima^* >« (^Ar»/'r»ll/ 
lamellar' r,'it «o»r.^' ;-'..>« 2rrv. "-!*»•, 4i,^Z/^^ZA, (>/f(tpf^\i\^i^i, P^ (fhf 
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up of grams formed of incomplete 
crystals, h is impossible at first sight, when there is neither crystal nor 
cleavage, to be able to distinguish tUera from Amphibole. If, however, a 
cleavage or an angle can be found, they can readily be distinguished. 

FORMULJi OF THE CRYSTALS. 
PI III. 

M(/. 13. ooPoo. ool^oo. ooP. Poo. OP. Mg. 14 ooPoo. 
c»Poo. OOP. Poo; Baicalite. Fig. 15. The precedmg, with ooP3. 
ooP3. 

HEDENBEROITE. 

Iron-Lime Pyroxene, 

Syn. — Bolopherite. 

Certain black varieties are called Hedenbergite ; these crystals are 
usually radiated around a centre, or are rectangular and present particu- 
larly the faces of the rectangular prism, and have an easy cleavage parallel 
to the orthopinacoid. They generally grow larger from the centre, aod 
are frequently terminated by two hemi-orthodomes. G. =3.5-3.58. 
Composition, for (i Oa+i *e) Si, *e 27.01, Ca 22.95, Si 47 78. A variety 
with Oa, f'e, An, 2n, found at Franklin, N. J., is called Jeffersonite. 

AUOITE. 

Lime-Magnena-AluminO'Iron Pyroxene, 
Syn. — Fassaite, Pyrgom. 

The black varieties are called Augite. It is almost always a volcanic 
product. Its crystalline form differs a little from that of the preceding 
varieties. They are generally the figures given in PI. III. Mge. 1-6. 
Mgs. 4 and 5, which have a part of the basal pinacoid remaining, are less 
frequent. The cleavage parallel to the clinopinacoid is very indistinct. 
The two cleavages parallel to the faces of the rhombic prism are much 
easier than those parallel to the orthopinacoid, so that the form most read- 
ily produced by cleavage is the rhombic prism. The crystals frequently 
have other smaller faces. These crystals of Augite are sometimes very 
large. A rare variety called Fassaite is sometimes found with pyramids, 
Mgs. 9, 10, 11, 12. It is found in crystalline masses, or as isf lated crys- 
tals in lavas, basalts and other volcanic rocks. 0,=3.25-3.5. Composi- 
tion, for (Oa, Mg, i^e) (Si, *1*), Si 44.40-51.79, Oa 14.0-24.0, Sg 8.75- 
21 11, fe 4.24-13.02, *1 3.88-8.63. 

Pyroxene has two kinds of hemitropy, sometimes it takes place in the 
direction of a normal to the surface of the orthopinacoid ; the crystal then 
appears to be entirely dissymmetric. Fig. 16. The second kind of hemi- 
tropy does not change the general form of the crystals. It is then pro- 
duced by a rotation around the normal to the basal pinacoid. In this 
case, the irregularity is made apparent by striations and irregularities on 
the vertical faces. It is probably to this hemitropy, that tne cleavage 
parallel to the base, which has been mentioned, is owing. In this case it 
is not a cleavage properly speaking, but a disaggregation of the hemitrope 
faces. 
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FORMULAE Oy THE CRYSTALS. 

PI IIL 
Fig, I. 00 P. 00 P 00. oc P oo. P ; the most usual form of Augitew 
Mg, 2. The preceding, with P oo. Fig. 3. The preceding, with -P. Fig. 4. 
The preceding, with the base OP. Fig, 5. oo P. oo P oo. oo P oo. OP. 
P. iP 00. Fig, 6. The combination Fig. 1, with 2 P and 2 P oo. Fig. 9. 
130 P. 00 Poo. 2 P. P. OP. Poo. 2 Poo; Fassaite. Fig. 10. 
ooP. 00 Poo. ±2 P. ±P; Fassaite and Pyrgoni. Fig. 11. ooP. 
12 P. 2 P 00 ; Fassaite. Fig. 12. The preceding, with oo P oo. 3 P ; 
Fassaite. Fig, 16. Twin crystal; composition-face oo P oo. 

LHERZOLTTE. 

When Pyroxene exists in large masses, it becomes a rock and has re- 
ceived the name of Lherzolyte. It is found largely in the Pyrenees and 
elsewhere, resembling the compact masses of Amphibole, which are 
described under the name of Corneine or Aphanyte^ It is a rock, with a 
•composition very near to Pyroxene, and which has sometimes served as a 
magma, from which the crystals have been developed in the interior of 
iihe mass when the surrounding circumstances were favorable to its pro- 
duction. In their exterior aspect, these masses do not differ much from 
the Corneine; they are compact, green, black or dark brown, but they 
resist the hammer much less. From the looks of such a mass, it is gene- 
rally impossible to say whether it is Lherzolyte or Corneine, but it is quite 
rare that some portion of the mass does not show a crystal, or is at least 
agranular, in which case the cleavages may be distinguished. 

DIALLAOE. 

Syn. — Bronzite. 

Diallage has until recently been considered as a variety of Pyroxene, 
It has two cleavages of the rectangular prism ; it is lamellar and has a 
'lustre peculiar to itself. Its color is a brownish-green somewhat like 
bronze, and it is sometimes called from this Bronzite. Some of the 
varieties are apple-green. It has a changeable lustre. It is frequently 
found associated with Feldspar, with which it forms a rock called 
Euphotide. It is almost always found in small lamellae. A mineral asso- 
ciated with Serpentine has been called Diallage, but it belongs to the 
Serpentines. It is generally of a bronze color, 

HYPERSTHENE. 

Syn. — Paulite. 

Hypersthene very much resembles Diallage and is found under like 
circumstances. It has the two cleavages of the rectangular prism and 
sometimes that of the rhombic prism, but this is more difficult. It has a 
metallic-glistening lustre on the cleavage faces, and often a play of colors 
inclining to copper-red. It is always found in large crystals and in larger 
masses than Diallage, but the crystals are not distinct. It is frequently 
associated with Labradorite. 



Some varieties of Pyroxene have a remarkable peculiarity ; they contain 
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a certain amount of water which cannot be driven off except at a vei^ 
high temperature. This fact has not yet been satisfactorily explained ; it 
is probable that it is sometimes owing to the mode of formation and some- 
times to v\ commencement of decomposition. If a silicate which contains 
no bases capable of a higher degree of oxidation commences to decompose- 
through the influence of some interior solvent, it frequently happens that 
the soluble bases carry off with them a part of the silica in solution. A 
certain quantity of water may thus become fixed in the crystal, without 
any sensible alteration in the crystalline form. This is all the more likely 
to take place if there are a certain number of easy cleavages. It is proba- 
ble that the minerals Diallage and Hypersthene were formed in this way,, 
the changing lustre being probably due to the presence of water. 

It sometimes happens that Pyroxene and Amphibole, which are two- 
species very nearly allied, exist together in the same rock so that the^ 
characters of these massive specimens may sometimes be quite vague,. 
Besides Amphibole, there are some other substances such as Epidote, 
Vesuvianite and Q-arnet, which are found in masses analogous to Pyroxene, 
but the tint of the color will generally furnish a guide for distinguishing 
them. 

Pyroxene is bottle-green ; Amphibole is bluish-green ; Epidote ia- 
pistachio-green ; Vesuvianite and Garnet are yellowish-green, but the- 
blowpipe distinguishes them. Pyroxene and Amphibole melt easily to a. 
colored glass, while Epidote melts with difficulty to a radiated scoria. 
Vesuvianite melts with intumescence, but Garnet is only slightly fusible- 
in the dark varieties. 

Rhodonite. An Si. Triolinio. 
Syn. — Fowlerite, Bustamite, Mangankiesel, Kieselmangan, Paisbergite. 

It has the same oxygen ratio as Pyroxene. It would seem to be & 
Pyroxene in which the B is iSin, but the crystalline system is different. 
The crystals are rarely ever perfect and have as yet only been found at 
Paisberg, Sweden, PI HI. Mg. 17. It has an easy cleavage, parallel to- 
the prism and a less easy one parallel to the base. The fracture of the- 
mass is lamellar or fibrous. The fibers are diverging or bent. It is some- 
times found in masses, having a saccharoidal, conchoidal or compact frac- 
ture, which pass into the other varieties. When it is compact and fibrous 
at the same time, it frequently breaks up into pyramidal shapes. Lustre,, 
vitreous. Transparent, opaque. Color, light brownish-red, sometimes- 
greenish or yellowish. The color is quite characteristic when the mineral 
18 unaltered. When this color is not caused by the presence of manganese- 
it is only produced by cobalt ; but in the latter ca«e there is always a. 
violet tinge which distinguishes it from the red of manganese. It fre- 
quently shows on the outside stains of black, brown or pale gray, owing, 
to the decomposition of the silicate, which becomes an oxide, generally 
Braunite. Streak, white. When massive, it is very tough. H, =5.5-6.5. 
G.=3.4:-3.68. Composition, Mn 54.1, §i 45.9. 

Pyr. &c. B, P. Blackens and fuses with a slig/.t intumescence 
at 2.5. With S. Ph. on Ch. Fowlerite give the reaction for Zn. All 
varieties give the reactions lor manganese with the different fluxes. 
Partially soluble in acids. 

It can only be confounded with Rhodochrosite, but it is easily distin- 
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guished by the actions of acids, as Rhodonite is only sUj^htly acted on. 
The hardness is also a sufficient characteristic, as it is much harder than the 
carbonate. It is found in considei-able quantities in Maine, New Hamp- 
shire, Mass., and R. I. A variety containing 5^ of zinc, called Fowlerite^ 
is found at Stirling, N. J. Bustamite, from Mexico, is a Rhodonite, m 
which part of the Mn is replaced by lime. It contains 9-15^ of Ca. 

FORMULAE OF THE CRYSTALS. 
PI III. 

Fig.Vj. 00 P. cx)F. oo f ex. ocPoo. 2'F. 2,V,, OP. 

Spoduinene. fLi'+itl) Si'. Monoclinic. 

It crystallizes as an inclined rhombic prism of 87°. It was considered 
for a long time a Lithia- Pyroxene, as its crystalline form very much re- 
sembles that of Pyroxene. Crystals are usually macled, and show a pre- 
dominance of the ortliopinacoid, with the prism and one or two clino- 
prisms. Fig. 18. Cleavage very easy, parallel to the ortliopinacoi<l. 
Fracture, uneven. Lustre, pearly, vitreous on the fracture ; dull when- 
altered. Translucent, opaque. Color, grayish-green to greenish-white, 
slightly reddish. Streak, white. H.=6.5-7. G.=3.13-3.19. Compo-^ 
sition, Li, 6.4, *1 29.4, Si 64.2. 

Pyr, &c. B. P. Becomes white and opaque. Intumesces and 
melts at 3.5 to a white glass, coloring the flame red from the Li. Not 
acted on by acids. 

It is generally found in lamellar masses of a slightly greenish tint, which 
are translucent on the edges Although resembling Pyroxene, it contains 
the S which would ally it to the Feldspars. This identity of form with 
another mineral, is an example of pleisomorphism, which is isomorphism" 
independent of the chemical composition. It resembles some minerals ot 
the Feldspar and Scapolite families, but its lustre, density, cleavage and 
lithia reaction distinguish it It has been found at Norwich and Sterlings 
Mass., in very large crystals. 

FORMULA OF THE CKTSTALS. 

PI. m. 

Fig. 18. c»Poo. ooP. ooi^3. ooi^2. P. 2P. 2P2. OP, 
2Poo. 

Petallte. ((ti, Sa)*-fXl) Si'-i-3 Si. Monoclinic. 

Syn. — Oastorite, Kastor. 

It crystallizes as an inclined rhombic prism of 86° 20', but crystals are 
exceedingly rare. The usual form is shown in PI. III. Fi^. 19. It luis 
an easy cleavage parallel to the base and a less easy one parallel to an 
orthodome. Lustre, pearly on the base, elsewhere vitreous. Translucent 
in thin plates; opaque. Colorless, or white and gray, with a slight green- 
ish or rosy tint These tints can almost always be seen in some point even 
of the gray varieties. Streak, colorless. Fracture, splintery or imperfect- 
ly conchoidal. H.=6-6.5. G.=2.39-2.5. Composition, Li 33, Jfa 1.2^ 
Si 17.8, Si 77.7. 

Pyr. &c. B. P. Heated gently, phosphoresces. Melts on the 
edges and becomes more transparent. It colors the flame red from lithia. 
With Fluorite and &§*, the coloration is more intense, almost purple. It 
is not attacked by acids. 
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It is generally found in lamellar masses which have four cleavages, Inrets 
-of which are })arallel to the same straight line and the fourth inclined to 
it; the last is the easiest of the three. From its composition, it has been 
called the Lithia-Feldspar. It is easily distinguished from the other Feld- 
spars by its blowpipe characters. Its reaction for lithia allies it to Spodu- 
mene; its density is however much higher, its lustre is more vitreous and 
it is much more fusible. It is a very rare mineral, being found mostly at 
the island of Uto, in Sweden, and in Bolton, Mass. The variety called 
Castorite, comes from the island of Elba. 

FORMULAE OF THE CRYSTALS. 
PL III. 

Fig, 19. ooP. ooPoo. oo?2. oo!^oo. -2 P oo. -fPcx). OP. 
12 Poo. 

Amplilbole. 

Amphibole is the name given to a number of minerals, which may be 
regarded as made up of at least three varieties very near one another. 
They are quite distinct in their composition and characters, but belong tc 
the same species. They are generally composed of bases, which have 
•only one atom of oxygen, the relation of the oxygen of the base to that 
of the acid being as 1:2. The formula is R Si. Some authors have ad- 
mitted the relation of 4 : 9. The bases represented by R, are STa, ]6[, Ca, 
IJEg, l^'e and iSln, which may replace each other in any proportion within 
the limits of the formula. It is the more or less greater proportion of one 
•or the other, that constitutes the different varieties. Most varieties con- 
tain alumina, but generally in small quantities, and replacing the Si ; such 
varieties often contain a little Fl, and others show the presence of !fi, 
which has been referred to under Pyroxene. Ca is not so universally 
present as in the Pyroxenes, and in some cases may be almost entirely 
wanting. 

Amphibole. 'k Si. Monoglinio. 

Syn.— Hornblende, Tremolite, Grammatite, Calamite, Asbestus, 
AnthophyUite, Actinolite, Strahlstein, Pargasite, Smaragdite, 

Richterite, Uralite. 

It crystallizes as an inclined rhombic prism of 124° 30', with an inclina- 
tion of 103° 12'. There is thus one obtuse and one very acute angle. It 
lias two cleavages, which are parallel to the faces of the prism and which 
■consequently have the same angles, one obtuse and the other acute. These 
two cleavages are at the same time fibrous and lamellar. In some varie- 
ties they are almost exclusively fibrous ; in other varieties there is a 
<jleavage parallel to the ortho-and chnopinacoids. Fracture, subconchoi- 
-dal or uneven. Lustre, vitreous or pearly on the faces of the crystal and 
■cleavage faces ; silky in the fibrous varieties. Transparent, translucent, 
opaque. The colors of Amphibole vary and present every gradation from 
colorless to black, passing through green. The black is the extreme limit 
of both the green and brown varieties, as may be seen by looking through 
n thin plate of the mineral. Some Amphiboles have a violet color, due to the 
presenceof a little manganese. Streak, white. II.=5-6.5. G,=2. 9-3.4. 
It is not always easily scratched with the knife. This property, how- 
ever, is difficult of trial, as the mineral is found almost always in fibers 
which separate under pressure. 

Pyr, &c. B. P. Fusible more or less easily, according to the 
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varieties, giving a more or less colored glass which is usually darker tuaa 
the specimen. With borax reacts according to the variety. Some varie- 
ties are acted on by acids. ' 

TRElflOLITE. 

Lime-Magnesia Amphibole. 

Syn. — Calamite, Grammatite, Nordenskioldite. 

The white varieties are called Tremolite ; they contain Oa and iSlg. The 
Oa appears to be a necessary constituent, for if the simple silicate of 
magnesia is crystallized with the proportion lig Si, it takes a form which 
resembles Amphibole, but which is not the general form of Tremolite. 
The crystals of Tremolite are generally more or less distorted, and rarely 
ever terminated. The most usual forms are combinations of the prism, 
clinopinacoid, orthopinacoid and clinodome, PL III. Fig8, 20-24. Some- 
times the prism, ortho-, clino-and basal pinacoids and clinodome occur, 
Mg, 24. The faces of the rhombic prism are generally very bright, and 
striated in the direction of the vertical axis. The basal pinacoids and the 
domes are generally matt Colors, white and gray. All the faces which 
are parallel to the vertical axis usually have a silky lustre. II,=5-6.5. 
Hl.=2.9-3.1. Composition, for (Oa, iSlg) Si, Oa 12-15, Ag 24-26, Si 
57-59. 

Tremolite generally occurs in crystalline masses, in which no termina- 
tions can be distinguished. The arrangement is frequently in diverging 
crystals. It is usually found imbedded in masses of Calcite or Dolomite. 
When the latter decomposes, isolated crystals are frequently found in the 
sand. In some localities the Tremolite is enveloped in a Dolomite which 
has stains, either black or brown, made by bituminous matter. This same 
material has been absorbed by, and surrounds the crystals of Tremolite, 
so that they are often yellow or even black. 

The bacillary varieties are sometimes called Grammatite, when the 
crystals become mere fibers, which are generally divergent ; they show the 
silky lustre and the fibroub structure, which distinguishes them. The 
variety colored with manganese belongs to this species. It is almost 
always found in bacillary fibers, with a silky structure. It is quite a rare 
variety, being only found in mines of manganese, or near manganese 
minerals. The tint may become slightly greenish owing to the presence 
of a small quantity of Fe, partially transformed into ^e ; for the protosalts 
of iron, which are pure, are generally colorless. 

FORMULA OF THE CRTSTALa 

PL III. 
Fig. 20. 00 P. oo P oo. oo i* oo. OP; usual form of Tremolite. 
Fig, 21. 00 P. 1^ 00. Fig. 22. The preceding, with oo P oo. Fig 23.. 
The combination Fig. 21, with oo P oo and OP. Fig. 24. The preceding, 
with 00 P 00. 

ACTmOLITB. 

Lime-Magnesia-Iron Amphibole, 

Syn. — Strahlstein, Actinote. 

The green varieties are called Actinolite or Actinote. They . are rarely 
found in complete crystals ; when they are the basal pinacoid without the 
ciinodome is the usual form, PL III. Fig. 20. The faces of the rhombia 
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prism are sharper and less fibrous, though the fracture parallel to them is 
fibrous. It is often found in talcose slates in long crystals, which are rare^ 
ly terminated, but which have very briUiant prismatic faces. They are 
easily recognized by their very obtuse angle. Their lustre is much bright- 
er than that of Treniolite and the crystals are much more perfect. 
4m.=S- 3.2. Composition, for (Oa, JSilg, t'e) Si, Si 55-59, Mg 9-24, Ca 9-21, 
*e 3-11. 

They are also found in fibers, sometimes interlaced and sometimes placed 
parallel to each other. It is frequently found in capillary masses, but in- 
fitead of being divergent as in Tremolite they are usually more or less 
parallel, and are sometimes interlaced. There is often an insensible passage 
from Tremolite ilito Actinolite. 

HORNBLENDE. 

Lime-Magnesia-Iron-Alumina Amphibole, 
Syn. — Pargasite, Basaltische Hornblende. 

This variety which is called Hornblende is generally found in volcanic 
formations. It is easily distinguished by its color and also by its crystalline 
form and terminations, which are quite different from any of the other 
varieties, PI. IV. Figs. 1-6. One of these forms, lig. 1, appears to be 
an hexagonal prism with a rhombohedral termination and* might be mis- 
taken for a crystal of Tourmaline ; it is however made up of the prism, 
chnopinacoid, hemipyramid and base. A hemitropy occurs parallel to the 
orthopinacoid, Fig. 6. There is no cleavage parallel to the chnopinacoid 
in Hornblende. Parallel to the rhombic prism, the fracture is lamellar. 
Cr. =3.05-3.47. Composition is variable ; three varieties are recognized 
according to the quantity of iron contained, Oa 10-14, Hg 5-23, 3tl 5-15, 
te 3-29, Si 40-55. 

It is very often found in lamellar masses, with a very brilliant cleavage 
parallel to the faces of the prism. It is less fibrous than the paler varie- 
ties. These masses are often composed of distinct crystals which are in- 
terlaced. The black varieties are also found in formations, which are not 
volcanic. Thus in Sweden and Norway, large, short crystals are found in 
the limestone showing faces of the hemipyramid and l)a8e. These crys- 
tals might be mistaken for Tourmaline, but are easily distinguished by the in- 
equaUty of the angles, and the cleavage. In the same place green and 
colorless varieties are also found, with the same forms, but the cr3'stals are 
rarely ever distinct, their faces being generally rounded. This variiHy, 
which is more granular than crystallized and which is scattered through 
limestone, has been called Pargasite from the name of the locaUty, Pargas, 
where it was first found. 

FORMULAE OF THE CRYSTALS. 
Fl. IV. 

Fig. 1. 00 P. ooP QO. P. OP; the usual and characteristic form of 
Hornblende. Fig. 2. The preceding, with 2 i* oo. Fig. 3. The pre- 
ceding, with the heini-clinopyramid 3 ? 3. Fig. 4, The preceding, with 
-P. Fig. 5. The preceding, with -3 i* 3. Fig. 6. Twin crystal, com- 
position-face ooP ex; remarkable for the different terminations of the ex- 
tremities, one being formed by the faces of the two hemipyramids, and 
the other by the bases. 
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OORNEINE. 

Syn. — Aphanyte. 

Certain compact varieties of Amphibole are called Corneine or Aphanyte. 
Their color is blackish, greenish, sometimes violet, but never white, with 
«,Ti irregular, compact and sometimes granular fracture, which is often 
^most saccharoidal. It resists the hammer like horn, and hence the name 
Corneine, from cornu a horn. This material has been referred to Amphi- 
ijole, because its composition although variable, resembles that of Amphi- 
bole, and because Amphibole crystallizes out of certain parts of it. It is 
probably the matrix of the Amphibole, a sort of magma in which all the 
•elements are united very nearly as they are in Amphioole, and from which 
the latter has been formed, when the circumstances were favorable for its 
production. Some of the varieties of a clear color, which are semi-trans- 
aucent with a scaly fracture, are remarkable for their sonority. 

ASBESTUS. 

Syn — Amianth, Asbest, Byssolite, Bergleder, Bergkork. 

Certain varieties called Asbestus or Amianthus, are the products of the 
decomposition of Amphibole and Pyroxene. They are generally more or 
'less decomposed, capillary crystals of these two minerals. It is impossible 
:at first sight to decide to which of these species Asbestus belongs ; it can 
only be distinguished by analysis, and this, on account of the partial de- 
-composition, is frequently but a very uncertain guide. Like Pyroxene 
And Amphibole, it is fusible. 

It is found in more or less long fine fibers without elasticity, and some- 
times closely joined together. These fibers have a very hiuh silky lustre. 
Sometimes they are knitted together in every direction, and give to the 
mass the appearance of pasteboard or leather. It is then called Mountain 
Paper, Mountain Cork, Mountain Leather or Mountain Wood, according 
as it seems to resemble one or the other of these substances. When the 
'fibers are very long and fine and do not hold together, they appear like 
silk, and are called Amianthus. These fibers may be spun into yarn 
and made into a cloth which is incombustible, and undergoes no change 
in an ordmary fire. It sometimes occurs as fine fibers covering other 
crystals, or penetrating them and fining cavities in the rock like a sort of 
cloth. The fibers are then usually short and fine, like silk. It is frequent- 
ly found penetrating crystals of Quartz and Pyroxene. In the latter case 
the fibers are usually in the direction of the lens^th of the crystals, which 
however, does not necessitate that the composition should be anv more 
Pyroxene than Amphibole. Asbestus sometimes undergoes a partial de- 
3omposition, with fixation of a certain quantity of water as in Hyper- 
sthene and Diallage. Some of the so-called Asbestus is the variety of 
Serpentine called Chrysotil. 

The two species, Amphibole and Pyroxene, are very much alike, and 
generally difficult to distinguish. If the material is massive and has no 
crystalline structure, there is no possible way of distinguishing them, for 
'Aich masses have very rarely any definite chemical composition. Distinct 
•crystals can easily be distinguished, since their forms are not the same, 
if the mass is granular, or only imperfectly crystallized, there is but one 
jrethod of distinction possible, which is the measurement of the cleavage 
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and anglea It is quite easy to distinguish the angles of cleavage of 
Amphibole, since one of them is acaite and the other obtuse, one being 
124° and the other 56**. In Pyroxene the angles of the cleavaire parallel 
to the prism are 87° and 93°. The two angles between the prism and the 
ortho- and clinopinacoids, which are 133° and 47°, are easily confounded 
without measurement with the angles of the prism of Amphibole. The 
different appearance, however, of the faces will frequently allow of dis- 
tinguishing them. As they are not of the same order, they have different 
lustres. In the white varieties Pyroxene may be distinguitjhed by its 
cleavage parallel to the base, which does not exist in Amphibole. When 
the two varieties are found as Asbestus, it will be impossible to distinguish 
them, unless the analysis shows a difference in composition. Amphibole 
is found extensively in the U. S. 

BERYL. GROUP. 

JBeryl. (i Be'+i XI) Si*. Hexagonal. 

Syn. — Emerald, Aquamarine, Smaragd. 

It crystallizes as an hexagonal prism, with a cleavage parallel to the base. 
Traces have been also said to have been found parallel to the faces of the 
prism. It is however almost impossible to determine them. It is always 
found in crystals or crystalline masses. Its usual form is the hexagonal 
prism and base, which combination may occur alone. Combinations of 
the prism and base with pyramids of the first and second orders, are found 
alone, as in PI, IV. Figs. 8 and 9, and together, Fig. 10, or with several 
pyramids of the same order, F\g8. 11 and 12. The di-hexagonal 
pyramid and the prism of the second order are sometimes found, Figs. 12 
and 7. The bright, emerald-green varieties are called Emerald ; those 
which are not highly colored are known as Beryl or Aquamarine. These 
crystals may be quite large. They are usually more or less distorted and 
are often cylindrical. In the cross section, however, the hexagonal form 
can be distinctly seen, outside of which there appears to be a kind of 
coating made up of diverging fibers, which are generally more opaque 
than the crystal. There is often a great difference in the color. Crystals 
sometimes occur in sections joined together with Quartz, Fig. 13. In 
Siberia it has been found as fibers fastened together, forming large hexag- 
onal crystals. These varieties often have a variation in the color, some- 
times parallel to the fibers, and sometimes in beds perpendicular to them. 
Frequently one of the extremities of the crystal is green, while the other 
is yellow. Fracture, conchoidal, uneven. Lustre, vitreous or resinous ; 
the opaque varieties, however, have no lustre. Transparent, translucent^ 
opaque. The colors of Beryl are very variable ; they are green, blue, 
yellow or colorless. A red variety is sometimes found, which is pro- 
bably owing to a mechanical mixture of iron. Streak, white. Brittle, 
H.=7.5-8. 0.=2.63-2.76. Composition, Be 14.1, XI 19.1, Si 66.8. 
The relation of the fi to Si is as 1 : 2. It sometimes contains Po • 
<§r is found also, but very rarely. The color of the Emerald may some- 
times be owing to chromium. 

Pyr. &c. B. P. At a high temperature, the edges become rounded. 
Fuses at 5.5. The colored varieties become white when heated, and lose 
some thousandths of their weight, which would seem to indicate, that their 
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color is due to organic matter. With borax, a slightly green bead is 
obtained. Not acted on by acids. 

The earthy varieties are usually found in large columnar crystals, which 
may be hexagonal or cylindrical. The color of these masses is rarely 
uniform. Some parts are whitish or yellowish, while others are greenish 
and translucent. These varieties are usually striated parallel to the prism 
and frequently show indications of cleavage parallel to the base. It is 
sometimes found passing into porcelain clay. The cause of this decompo- 
sition is not known. On account of its hexagonal form, Beryl might be 
confounded with Apatite or Tourmaline. It is, however, much harder. 
It might resemble Topaz and Euclase, but is distinguished by its imperfect 
cleavage. In earthy or stony varieties, it cannot be confounded with 
anything, on account of its hexagonal form and cleavage. It might 
possibly at times be confounded with som^j of the earthy varieties of 
Topaz, but it is distinguished by its density ; tlie density of Topaz is 3.5, 
while that of Beryl is 2.6. The rolled crystals of the colorless or slightly 
colored varieties might easily be mistaken for Quartz, but can be distiu- 
tinguished by the cleavage and fracture. On the island of Elba, crystals 
of Beryl are found, which are perfectly colorless, and which are sometimes 
cut to imitate Diamond. Such stones have much less fire than the 
Diamond and their lustre is not adamantine ; it is simply vitreous. The 
green and limpid varieties are much sought after by jewelers. They do 
not have much, if any, fire, but their color gives them value. Most of the 
Emeralds come from Muso in New Granada. Very large Beryls have been 
fouud in tho U. S. One from Graflon, N. U., weighed 2,900 lbs. and 
another weighed 1,076 lbs. 

FORMULAS OF THE CRYSTALS. 

PI IV. 

Fig. 7. 00 P. 00 P 2. OP; very frequent, the oscillatory combina- 
tions often causing vertical striations. Mg. 8. oo P. P. P. Fig. 9. 
00 P. 2 P2. OP. Fig, 10. The combination Fig. 8, with 2 P2. Fig. 11- 
The preceding, with 2 P. Fig. 12. The preceding, with 3 P |. 
Fig, 13. Crystal, consisting of displaced sections joined together by 
Quartz. 

II. Unisilicates. 

CHRY80IiITE GROUP. 

Chrysolite. (lig, "^of Si. Orthorhombio. 

Sy^. — Olivine, Peridot, GHnkite. 

It crystallizes as a right rhombic prism of 94° 2', and has a cleavage 
parallel to the brachypinacoid. The usual forms are combinations of the 
rhombic and rectangular prisms, the macro- and brachydomes and pyra- 
mid, with or without the base, PI. IV. Figs. 14-18. Fracture, con- 
choidaL Lustre, vitreous and generally feeble, but much more pronounced 
on the fracture. Transparent, translucent, opaque. The colors are very 
different, but are generally various shades of green. There are some 
varieties, which are yellowish-green, almost colorless; they usually contain 
Slg. Others are green, with a slight tint of yellow ; others again are 
almost black. Some crystals have undergone alteration, which may be 
greater or less. They are then led or iridescent. Streak, colorless or 

8 



34 LECTURES ON MINERALOGY. 

vellowish. H. = 6-r. 0.=3.33-3.5. Composition, Mg 50.28, J^e 9.35, 
oi 40.75. The relation of the oxyo^en of the base to that of the silica is 
iis 1:1. The formula is therefore ft'' Si. 

Pyr, &c. B. P. The clear varieties whiten, but are infusible. 
The dark varieties rich in iron fuse with difficulty tx) a magnetic globule. 
Gelatinizes in HCl and S. 

It is rarely found, like Pyroxene and Amphibole, containing 3cl. The 
bases which it contains are lig, i'e, iSln and rarely Ca and STi. It is here 
to be remarked that 2n, which is usually isomorphous with fig, is dis- 
tinctly separated from it in iU silicate. There is a silicate having the 
formula Zn' Si, called Willemite, but it crystallizes in the hexagonal 
system. Its density varies; in the dark varieties, especially in those 
which crystallize in the iron scorias (Fayalite), the density may be as 
high as 4.2. Its hardness is also very variable, the clear varieties being 
the hardest. It is found usually as litfle crystals in the rocks of volcanic 
or igneous origin and in those thrown out of modem volcanoes. Quite 
large crystals are found in Ceylon. They are, however, generally rolled 
and it is quite difficult to detect their form. It is also found well crys- 
tallized in the cavities of Meteorites and in the scorias of iron forges. It 
is also found in granular masses, which contain cavities filled with 
crystals. These masses are sometimes whitish, but generally they are 
pale yellowish-green. The color may vary from one grain to another and 
the same grain may be in different parts, green, yellow and black. The 
lustre is quite bright. Such masses are generally made up of a collection 
of not very distinct crystals, which are sometimes large. They are usually 
found in pockets in volcanic rocks, such as Basalts and Trachytes. These 
grains might be confounded with the grains of Pyroxene, but they are 
usually of a clearer color, which is generally yellowish or yellowish- 
green. They may also be distinguished by their infusibility, and by 
gelatinizing with acids. It is especially in these granular masses, that the 
red color is found. This in produced by a commencemenj; of decompo- 
sition, which is accompanied by a partial solution of the iSlg and Si, the 
fixation of E[ and the peroxidation of the l^^e. This kind of Chrysolite 
forms a peculiar rock. Associated with Augite, it forms Hyalosiderite ; 
in this rock the Augite is in distinct crystals, recognizable by their form 
and color, which are implanted in the red granular Chrysolite. Crystals of 
Chrysolite which have undergone such a decomposition as to be irides- 
cent are frequently found in the midst of these crystals. It has been found 
associated with other minerals in Pennsylvania, Virginia and N. Carolina. 

FORMULAE OF THE CRYSTALS. 
PI IV. 

Fig. 14. 00 P 00. oo P. oo P oo. P. P oo. P. Fig. 15. The 

preceding, with 2 P oo. Mg, 16. The combination Mg, 14, with 2 f oo 

and P 00. Fig. 17. oo P. oo P 2. oo P oo. 2 P oo. P. P oo. Mg. 

18. 00 P, 00 P 00. 00 P 00. P. P 00. 2 P 2. 2 P oo. f oo. OP. 

PHENACITE GROUP. 

Willemite. 2n' Si. Hexagonal. 

Syn. — Troostite. 

It crystallizes as a rhombohedron of 116" 1', with an easy cleavage 
parallel to the base, and another in the American varieties parallel to the 
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prism. The crystals are usually small, very brilliant and distinct. They 
rarel}^ show the hexagonal pyramid, although two rhorabohedra sometimes 
occur, PI. IV". Fig. 19. They are usually terminated by the rhombo- 
hedron. They are usually found in cavities in the compact varieties of 
Calamine and Smithsonite, sometimes in Hematite and Limonite ; rarely 
they are associated with ores of lead. When found with iron they are 
usually colored red, yellow or brown. Fracture, conchoidal. Lustre, 
vitreous, resinous or dull. Transparent, translucent, opaque. Color, 
white, greenish-yellow, green, black, red or dark-brown when impure. 
Streak, colorless. Brittle. II.=5.5. O. =3.89-4.18. Composition, 
2n 72.9, Si 27.1. 

Pj'r. &c, B. P. Fuses with great difficulty to a white enamel. 
With soda in the R. F., it is reduced with difficulty and gives zinc, which 
is volatilized, burned, and deposits itself as a ring, yellow while hot, and 
white when cold. Gelatinizes with acids. 

In N. J. a variety called Troostite has been found in large crystals, 
which have the same form as that described. They are rarely translu- 
cent, and sometimes have the appearance of having been melted. They 
occur associated with Franklinite. The outside of these crystals is brown- 
ish or reddish. In limestone they are usually of a flesh color. It is 
easily distinguished from the minerals which it resembles by its hardness, 
fusibility and action with acids. It is found in the U. S. at Franklin and 
Stirhng, N. J. 

FORMULA OF THE CRYSTALS. 

PI IV. . 
Fig. 19. 00 P 2. R. -^R; often without -^R. 

Plienacite. iBe^ SL Hexagonal. 

Syn. — Phenakit. 

It crystallizes in the hexagonal system, having generally a rhombohe- 
dral termination, PI. IV. Fig. 20. Its crystalline forms are very similar 
to thoee of Beryl. It has however no cleavage and its lustre is vitreous. 
The crystals are usually transparent, but sometimes translucent or opaque. 
Color, white, yellowish and brownish. Streak, colorless. II.=7.5-8. 
G.=2.96-3. Composition, Be 46.8. Si 54.2. 

Pyr. &c. B. P. Infusible. Gives a blue color with cobalt solu- 
tion. Not attacked by acids. 

It is difficult to distinguish it from Beryl, with which it was for a very 

long time confounded. The base rarely occurs in Phenacite, while it is 

. very usual in Beryl. It might be mistaken for Quartz, but its terminations 

are much lower. It is found under the same circumstances as Quartz and 

Beryl. 

FORMULA OF THE CRYSTALS. 

PI IV. 

Mg. 20. 00 P 2. R. 1^ R 2 ; the prism is often entirely wanting. 

GARNET GROUP. 

Ciaruet. (R")'' Si'+fi'' gi». Isometric. 

Syn. — Granat, Grenat. 

Garnet is generally found crystallized. The usual forms are the rhombic 
dodecahedron and the tetragonal trisoctahedron, PI IV. Figs. 21 and 
22. It is quite frequent to find the combination of these two forms, Fig. 24| 
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but it is usually the rhombic dodecahedron which predominates. It 
has a cleavage, that is sometimes distinct, parallel to the rhombic dodeca- 
hedron. Crystals are very often distorted as shown in PI. V. Figs. 2-5. 
Fracture, conchoidal or uneven. Transparent, translucent, opaque. Color, 
red, brown, yellow, white, green or black. Streak, white. II. =6.5-7.5. 
0,=3.15-4.31. Composition varies with the varieties. Its composition 
is exactly the same as that of Vesuvianite, a silicate which crystallizes in 
a different system. These two substances thus present a remarkable ex- 
ample of dimorphism. It it probable, that the latter is owing to the pre- 
sence of water, which perhaps plays the part of iGt in Vesuvianite, while 
Garnet never contains any. 

Pyr, &c, n. P. Most varieties fuse to a hght brown or black 
glass and often become magnetic in the R. F., owing to the presence of 
iron. The dark red varieties are easily fusible to a magnetic scoria, as 
they contain more iron. The clear varieties are more or less easily 
attacked by acids. A green variety contains Sr ; it is infusible, insoluble 
and very rare. 

Its hardness is very variable. The pale varieties scratch Quartz with 
difl&culty, while the slightly-colored varieties have almost an equal hard- 
ness, and the black varieties are scratched by it Those having a 
color between clear and dark red are more easily attacked, when they 
have been melted. 

PTBOPE. 

Magnma-Alumina Garnet 

Syn. — Bohemian Garnet, Bohmischer Granat 

Pyrope, or Bohemian Garnet, is the one from which carbuncles are cut 
Its color is red. Transparent or entirely opaque. Sometimes they have- 
a violet tinge, owing to the presence of a little manganese. O. =3.7-3.76. 
Composition, for (i(Slg, Ca, l^'e, ]i[n)'+i ':&\y Si*, % 13.43, XI 22.47. 
Ca 6.53, i'e 9.29, An 6.27, §i 42.45. 

OROSSULABITE. 

Lime-Alumina Garfiet. 
Syn. — Essonite, Cinnamon Stone, Grossular, Kaneelstein, Grossulaire* 

Color, white, pale green, yellow, brown, but rarely green. 0.=3.4-3.7» 
Composition, for (i Ca" i *1)* Si*, Ca 37.2, XI 22.7, Si 40.1. te is somo- 
times present, replacing the Ca. This variety is usually transparent 

ALMANDITE. 

Iron-Alumina Garnet. 

Syn. — ^Almandine, Edler Granat 

This variety is the oriental Garnet When the color is a fine deep red^ 
it is used as an ornament. It may also be brownish-red and translucent 
Composition, for (i i^e*+i Xl)" Si*, l^e 43.3, 11 20.5, Si 36.1. It is often 
opaque, and is one of the varieties most frequently found. 
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SPESSARTITE. 

Manganese- Alumina Oarnet, 
S YN. — Spess<ar ti n e. 

Oolor, dark hyacinth-red, violet, or brownish -red. O, =3.7-4.4. 
Composition, for (i (Sin. *'e)*+i *1)' Si*, fin 30.96, Jg^e 14.93, *l 18.06, 
Si 35.83. 

ANDRADITE. 

Lime-Iron Oarnet 

Stn. — AUochroite, Melanite, Aplome, Colophonite, Topazolite, Kalkgranat, 

Grenat r^sinite, Rothhoffite, Polyadelphite. 

Color, topaz or greenish-yellow, apple-green, brownish-red, yellow, 
grayish, dark green, brown, black. This includes the varieties, Topazolite 
from its resemblance to Topaz in color, Colophonite, which is granular, 
iridescent and Tesinoup, Melanite or black Garnet. Melanite is sometimes 
of volcanic origin. Some varieties contain Ti. 0.=3.64-4. Some of 
these varieties have part of the ^e replaced by lin. Such are the varieties 
<salled Rothoffite, Polyadelphite and Aplome. 

OUVAROVITE. 

Ltme- Chromium Garnet, 
Sth. — Uwarowit. 

Color, emerald-green. H.=7.5. O. =3.41-3.52, Infusible. In some 
Tarieties part of the Sr is replaced by SI Composition, (J Ca'+i^ <Br)' Si'. 
It, is a very rare variety, found only in the Urals in fine crystals. The 
•crystals from Canada are very small 

Garnet has sometimes a peculiar relation to its gangues. It is often 
found in schists or in schistose and micaceous formations. In these cases 
it appears soldered to the mass, the latter being bent around the crystals, 
which are usually isolated. The rocks present the appearance then of 
being covered with tubercles, which are sometimes very large. On 
breaking them, the mass is usually found to be composed only of a thin 
crust of Garnet, which has the form of a rhombic dodecahedron. The 
anterior is composed of the same substance that envelops it, either 
flchist or Mica. We shall have occasion to refer to this property again, 
under Andalusite and Leucite. It is also found in large granular masses, 
formed of uncrystallized grains of a variable color, which are often irides- 
cent The natural faces of these grains have a lustre, which is in no way 
remarkable, but their fracture has a resinous lustre, which is quite easy to 
distinguish. Their usual color is red, inclining to brown. It is also found 
in large masses having a resinous lustre, which appear to be almost com- 
pacL It also occurs in irregular grains, associated with Calcite. These 
grains may pass insensibly into crystaK which become scattered through 
the limestone. They usually have a resinous lustre, and are frequently 
iridescent They are called Colophonite, and are found particularly at 
NVillsborough, N. Y. These granular masses can be easily broken up 
with the fingers. They might be confounded with Vesuvianite, as their 
<;olors are about the same; their lustre will however distinguish them. It 
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is sometimes found in amorphous maj^ses. which are generally fragment* 
of large crystals. These mas5!es are usually very much fissured, with 
traces of a cleavage parallel to the rhombic dodecahedron ; their lustre 
v^ill serve to distinguish them. The transparent varieties are much used 
for ornamental purposes. The coarse varieties are sometimes pulverized 
and used as a substitute for emery. In some cases^ vrhen it has been found 
abundantly, it has been used as a flux. It is a very common mineral, and- 
is abundantly found in the U. S. 

FORMULA OF THE 0RT8TAL8. 
PL IV. 

Fig. 21. 00 ; characteristic and most frequent ,form. Fig. 22. 

2 02. Fig. 23. 3 Of. Fig, 24. 2 2. oo 0. Fig. 25. CX) O. 

3 0}. PI. V. Fig. 1. 00 0. 2 2. 3 0}. Fig, 2, oo ; lengthened 
diagonally. Fig. 3. oo O ; lengthened vertically. Fig. 4, ooO. 2 02;. 
distorted and only having four planes of the dodecahedron. Fig, 5^ 
00 ; flattened diagonally. 

VESUVIANITE GROUP. 

Zircon. Zr Si. Tetragonal. 
Stn. —Hyacinth, Jacinth, Jargon. 

Zircon is always crystallized. Its usual form is composed of the two 
prisms and pyramid, combined sometimes with the dipyramid,. 
PI V. Figs. 6-16. All of these forms with several different pyramids oa 
the same crystal are sometimes found, Fig. 12. It has two quite difficult 
cleavages, one parallel to the faces of the prism, and the other parallel to 
the faces of the pyramid. When the crystals are partially decomposed 
these cleavages become easier. Its fracture is conchoidal and brilliants 
Its lustre is adamantine^ inclined to be resinous. It may even be entirely 
dull. Transparent, translucent, opaque. Color, colorless, pale yellow^ 
brownish yellow, yellowish-green, reddish-brown, gray or blue. In the 
crystalline rocks there is frequently found a brown variety, which shows- 
the prism with the principal pyramid and others, in which the prism is 
no longer present, but three pyramids, one above the other, at different 
angles, Fig. 12. The varieties found in the volcanic rocks may be white^ 
brown, or red. These are called by the jewelers Hyacinths (to be dis- 
tinguished from the Garnet also called Hyacinth), Jacinths and Jargons. 
These generally have the prism of the second order with the principal- 
octahedron of the first order, Fig. 7. The prism is sometimes reduced so 
as to become rhombic in shape ; the crystal then resembles a rhombic 
dodecahedron, but it can be distinguished from it both by the angles and 
the striations parallel to the base. Streak, colorless. II, =7.5. G.=4.05- 
4.75. Composition, Zr 67, Si 33. It sometimes contains 1-2^ of l^e^ 
which perhaps replaces the 2r. It scratches Quartz, but the partially de- 
composed varieties have the same hardness as Quartz. 

Pyr. &€. B. P. It is infusible. The red varieties lose their color 
without losing their transparency, and the dark colored varieties become 
white. It is possible, therefore, that the color is due to organic matter. 
It is not a(;ted upon by acids, but is decomposed by fusion with alkahne* 
carbor-ates. 
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It is frequently found as crystals disseminated in some of the older 
rocks. It is also found as little crystals disseminated in the rocks and 
sands of modern volcanoes, particularly of Mt. Somma, where it is fre- 
quentl}'^ accompanied by Nephelite and the vitreous variety of Feldspar. 
It is also found iri the beds of streams in volcanic countries as rolled 
crystals, having been detached from the rock by the action of water. 
The red varieties might be mistaken for the ruby Spinel or Garnet. Its 
form and hardness will distinguish it from either. It is found abundantly 
in New York, New Jersey, Pennsylvania, and N. Carolina. 

FORMULiB OF THE CRYSTALS. 

PI V. 
Fig, 6. 00 P. P ; most frequent form, P sometimes predominating. 
jB\g, 7. 00 P 00. P ; usual form of the Hyacinth. Fig. 8. oo P. 
00 Poo. P. Fig. 9. oo P oo. oo P. P. Fig. 10. The combination. 
Fig, 6, with 3 P 3. Fig. 11. The combination Fig, 8, with 3P and 
8P8. Fig. 12. P. 2 P. 3 P. oo P. 3P3. ooPoo; from Miask. 
Fig. 13. 00 Poo. P. 2 P. 3 P. oo P. Fig. 14. The combination, 
Fig. 7, with 3P3. Fig, 15. Poo. 3P3. P. Fig. 16. oo P. 
00 P 00. p. P 00. 3 P 3. 4 P 4. 5 P 5 ; from the Saualpe. 

ye§aTianlte. (|(0a, fl[g, i^e)»+| (XI, ^e)f fli*. Tetragonal. 
Syn. — Idocrase, Vesuvian, Egeran, Wiluite, Cyprine. 

It crystallizes as a square prism, with traces of cleavage parallel to the 
prisms of the two orders and the base. The simple forms of Vesuvianite are 
the prism of the first order, with traces of the second, the pyramid of 
the first order and the base, PI. V. Figs. 17, 18. Complete pyramids 
are very rare. They often show the octagonal prism, Fig. 19. The di- 
pyramid is frequently found, PI. VI. Figs. 1,2; and also as many as 
five dipyramids of difi^erent orders. The number of prismatic faces 
becomes so great at times, as to make the crystal «ppear almost round. 
They almost always show the pyramid of the first order. Very often 
the crystal is made up of a number of single crystals juxtaposed, so that 
they are striated in the direction of the prism. The faces of the pyra- 
mid are without lustre, but those of the base are brilliant. The crystals 
frequently become very complex ; as many as 130 faces have been counted 
on a single crystal, PI. VI. Fig. 3. Its liacture is smooth and conchoidal, 
but sometimes uneven, and the edges of the scales are sharp. The lustre 
of the fracture is bright. On the natural faces it is unequal and varies 
with the faces. The lustre of tlie base is the brightest, and is even like a 
mirror. Generally it is vitreous or resinous. Translucent, opaque. 
Colors, green, reddish-brown and yellow, which latter color is always of a 
peculiar tint; sometimes it is pale blue. The varieties which are colored 
brown with IPe, do not show dichroism ; the other varieties usually do. 
Perpendicular to the base, they are brownish-green ; parallel to the base, 
bottle-green. Streak, white. II,=6.5. 0,= 3.49-3.45. Composition, 
Ca 27-38, fig 0-10, fe 0-16, '^\ 10-26, §i 35-39. In all the varieties oi 
Vesuvianite, whether altered or not, the analysis shows a small quantity 
of water varying from 1-2 ^. Magnus has shown that this water is per- 
fectly pure. It is evidently in the mineial in a state of combination, for 
^t does not separate, except at a very high temperature, about that of the 
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fusion of silver, but it is not known in what conaition it is. It is possible 
t'lat it plays the part of a i)ase and replaces some one of the "k. 

Pyr. &c, B. P. Fust's at 3, with intumescence, to a more or less 
coloied <;lol)ule. It is only partially attacked by acids, except when it 
has been fused. This is true of a large number of silicates, and to a certain 
extent of Si itvself 

Some varieties of Vesuvianite are bacillary and very much resemble 
Epidote, but they can always be distinguished because the bases of the 
baguettes in Epidote are curved, while in Vesuvianite they are plane and 
brilliant. It is also found in granular masses, made up of grains of unequal 
size interlaced. They might be confounded with the granular varieties of 
Ciirysolite and Pyroxene. The blowpipe distinguishes it from Chrysolite, 
which is infusible, while Vesuvianite is fusible. For Pyroxene and 
Epidote the distinguishing marks are vague, and drawn from the distinc- 
tion of colors. Pyroxene is dark bottle-green and Vesuvianite inclines 
more to yellow ; Epidote is more of a pistachio- green color. Its colors 
may be brown, or reddish also, and it then becomes difficult to distinguish 
it from Garnet. A test must then be made to determine the presence or 
absence of water, which is found in Vesuvianite, but not in Garnet 
Vesuvianite in mass is always difficult to determine in a single specimen. 
When the rock is found in place, however, its determination becomes 
easy, because there is always some part which is sufficiently well crystal- 
lized to distinguish the form. When it is in small indistinct crystals it 
resembles Garnet, but it can always be distinguished because it has square 
or rectangular faces which very rarely occur in the latter, the faces of 
which are almost always triangular or rhombic. A blue variety of Vesuv- 
ianite containing copper is called Cyprine ; it is found associated with a 
rose-colored Epidote. It is bacillary and lamellar, and is one of the 
mineralogical curiosities. In this country Vesuvianite has been found 
in Maine, Massachusetts, New York, New Jersey, and elsewhere. 

FORMUL-« OF THE ORYSTALa 

PL V. 
Mg, 17. 00 P. 00 P 00. p. OP; form of Wiluite. Fig. 18. The 
preceding, with Poo. Fig, 19. ooPoo. oo P. ooP2. P. OP. 
Pl.YL Fig.l. ooPoo. oc P. ooP3. P. Poo. OP. 3 P. 3P3. 
Fig. 2. ooP. ooPoo. ooP2. ooP3. OP. P. 3P. Poo. 
2Poo. tP3. 3P3. 4P2. Mg. S. ooP. oo P oo. ooP2. ooP3. 
OP. P. 2P. 3P. Poo. |P3. 2P2. 4P2. 3P3. 5P5. Fig. 4u 
ooP. ooPoo. OP. P. 3P. Poo. 3P3; from the Tyrol 
F\g. 5. ooP. ooPoo. ooP2. OP. iP. JP. Fig. 6. ooP 
OoP 00. 3 P. P ; from the Urals. 

EPIDOTE GROUP. 

Epidote. (i Oa'+f (Pe, Sl))^ Si». Monoclinio. 

Stn. — Pistacite, Zoisite, Piedmontite, Thulite, Bucklandite. 

It crystallizes as an inclined rhombic prism, with an easy cleavage paral- 
lel to the base, and also one parallel to the orthopinacoid, which gives 
it a fracture that is lamellar in one direction and sometimes fibroua 
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Owing to the extension of the ortho- and dinopinacoids, the cijstals are 
usually rectangular. The usual forms are shown in PI VL Figs. 7-11. 
They are often rounded, owing to the presence of a number of hemi 
orthodomes, Fig. 9. Twins formed by a hemitropy parallel to the ortho- 
pinacoid often occur, and are easily recognized by the reentrant angle on 
the base. Sometimes, however, the base predominates, and then 
there is only a line in the place of the reentrant angle ; the striations will 
serve to place the crystal. Fracture, uneven. Lustre, vitreous, but variable 
on the diflferent faces, sometimes pearly or resinous. Transparent, translu- 
cent, opaque. Color, pistachio-green, yellowish or brownish-green, black 
or greenish-black, gray, greenish-white ; sometimes violet and sometimes 
clear red.. Generally Epidote is of a more orle.ss dark-green color, usually 
of a peculiar pistachio-green slightly yellowish. Some yellowish varieties 
aie dichroic. They are reddish-yellow in one direction and greenish- 
yellow in the other. There are white varieties, but there is some doubt 
whether they are really Epidote. There are also violet varieties colored 
by manganese. H[,=6-7. 0.=3.25-3.5. Composition, Ca 16-30, Xl 
14-28, ¥e 7-17, Si 36-57. The formula which has been given refers to 
the varieties which are distinctly crystallized. When it has begun to de- 
compose it often contains a certain proportion of water. 

Pjrr. Ac. B. P. Fuses at 3-3.5, with intumescence, to a radia- 
ted scoria, which is often magnetic. It is difl&cult of fusion, however, es- 
pecially in the clear varieties. With borax, it melts more easily, giving 
rgenerally a dark green bead and the reactions for iron. Manganese varie- 
ties react for Mn. Partially soluble in acids. When ignited gelatinizes 
with acids. 

It mighc at first sight be confounded with Pyroxene, as it has a similar 
•form ; but the type is diflferent as it is generally lengthened in the direc- 
tion of the orthodiagonal, while the crystals of Pyroxene are lengthened 
parallel to the faces of the prism. It is sometimes dif&cult to place the 
prism, but there is always such a want of symmetry in the crystals of 
Epidote as readily to distinguish it from Pyroxene. Instead of the faces 
•of the orthodome, it may have a series of hemipyramids, which do not 
•exist in Pyroxene and which make the want of symmetry perfectly evi- 
dent. It is frequently found in bacillary masses, which may also be dis- 
tinguished from Pyroxene by their form. The baguettes of Epidote seem 
to be made up of a large number of faces, so that they generally appear 
-curved. The striations parallel to the intersection of the faces of the 
crystal may be easily seen and are all the more remarkable, as the crystals 
are often hemitrope parallel to the orthopinacoid. Frequently the bacil- 
larv masses are not terminated. It is then more difficult to determine 
them and to distinguish them from Pyroxene, but this last mineral has a 
number of cleavages, while Epidote has but two. However, with a little 
practice, the distinction can be easily made with the shades of color, the 
green of Pyroxene being generally bottle-green, while that of Epidote is 
more yellow. Epidote is also found in granular masses, having a granular 
fracture with very fine grains, when it can be easily distinguished by its 
color. 

The violet variety of Epidote called Piedmontite is only found in 

mines of manganese associated with other minerals of this metal, and 

more especially with Braunite. Its ordinary gangue is Quartz. It is 

.almost always in bacillary masses, showing some distinct crystals which 

-are rarely terminated. If ^ peculiar color is generally sufficient to distin- 
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guish it, which is a very dark violet, inclining towards brown. "When the- 
manganese is in smaller proportion it is paler, but it is always violet A. 
special sifecies is often made of the white variety of Epidote, which is 
called Zoisite. It is probably not the same substance as Epidote. As 
complete crystals of this substance are especially rare, it has been very 
little studied. It is generally found in large bacillary masses in quartzose* 
gangues. It somewhat resembles Amphibole, Pyroxene and white 
Cyanite. It is distinguished, however, because it has but one cleavage, 
which is in the direction of the length and because it is lamellar, while 
Amphibole has two easy cleavages and Pyroxene four in the direction oi. 
its length and one across. Cyanite has one very easy cleavage in length,, 
and one difficult across, but quite distinct. Its association with Quartz is 
also characteristic. 

A rose variety called Thulite, is found associated with Cyprine : it is- 
very rare. It is not known to what the rose color is owing. It is always 
crystallized or crystalline. Its color might cause it to be confounded with' 
some of the cobalt minerals, but its hardness will distinguish it. 

Large crystals of Epidote, which are generally hemitropes parallel to- 
the vertical axis, have been found at Warren and Franconia, N. H, 
Crystals are found at Haddam, Conn ; it is found in acicular masses, or 
massive, in New York, New Jersey, Pennsylvania and Lake Superior. 

FORMULA OF THE CRYSTALS. 
PI. YI. 

Fig 7. OP. ocPoo. Poo. P; from the Urals. Fig. 8. ooPoo- 
Poo. -Poo. 00 P. Poo. Fig, 9. OP. ooPoo. -Poo. 2 Poo. 
P 00. 00 P. P. P 00. Fig. 10. oo P. P. P oo ; this combination is 
remarkable for not being lengthened in the direction of the orthodiagonal. 
It was formerly called Bucklandite. Fig. 11. Twin crystal; composi- 
tion-face 00 P 00. 

fOLITE GROUP. 

lolite. 2 (Ag, fe) Si+^P Si\ Orthorhombic. 

Stn.— Cordierite, Dichroite, Steinheilite, Hard Fahlunite, Luchssapphir,. 

Wassersapphir, Saphir d'eau. 

It crystallizes in the right rhombic prism of 119° 10'. It is therefore 
one of the limit forms, the modifications of which resemble those of the- 
hexagonal system. It is generally found in prisms, which show the- 
brachypinacoid and are consequently hexagonal in form, PI. VI. 
Fig. 12. Sometimes the prism, a brachyprism and both pinacoids give it 
the appearance of two hexagonal prisms. Figs. 13, 14. Sometimes the- 
pseudo-hexagonal prism and pyriunid are found together. As many as 
three pseudo-hexagonal pyramids of different angles have been found on 
the same crystal, Fig. 14. If the pyramid and brachydome have the- 
same apparent inclination, as is often the case in these limit forms, it is at 
first sight difficult to distinguish the crystal from an hexagonal pyramid. 
It has one cleavage parallel to the brachypinacoid, and another which 
appears to be parallel to the base. But this last cleavage may be owing 
to sheets of Mica, which are often interposed parallel to the base. The 
fracture is unequal, sometimes lamellar in appearance, owing probably to« 
the pseudo-cleavage parallel to the base. The lustre is not very bright on. 
the natural faces, but on the fracture it is vitreous, inclining to resinoua. 
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Color, various shades of blue. The large crystals appear black, oi 
almost black, on their natural faces. The fracture is blue, with greenish 
reflections, but the color is not usually uniform through the entire mass. 
In cut stones the color appears to be dark blue perpendicular to the base ; 
in a direction perpendicular to this, it is a fallow-brown. In the other 
direction perpendicular to both, it appears to be brown, passing to green. 
From its having two colors it is often called Dichroite, but as it shows 
trichroism it should have been called Trichroite. Streak, colorless. 
H.=7-7.5. 0.=2.56-2.67. Composition, fig 8.8, J^^e 7.9, *1 33.9, 
Si 49.4. 

Pyr. Slc, B. P. Loses its transparency, and fuses at 5-5.5. 
Partially decomposed by acids. 

It is found in crystalline masses, which may sometimes be quite large. 
These are generally formed by the union of a large number of crystals. 
On account of its crystalline form, which appears to be an hexagonal prisn> 
terminated by an hexagonal pyramid, it might be sometimes confounded 
with Quartz, as it has about the same hardness, but a little attention paid 
to its change of colors will easily distinguish it, and also the fact that it is 
fusible on the edges. lolite may become altered without changing its 
form. These crystals are often covered over with an exterior crust, which 
is more or less white and less hard than the mineral. The interior, how- 
ever, is sometimes not decomposed. One of these products of decomposi- 
tion is Finite. It is the result of its almost complete alteration. It has a 
stony look on the outside, but the interior usually contains a little core or 
undecomposed mineral It is generally believed, though it is not positively 
certain, that all Pinites are the result of the decomposition of lolite, the 
reason being that the forms are the same, as well as its associations. It is 
often found in cylindrical crystals in Granite, and it is not certainly known 
whether these are the result of the alterations of lolite, or of some other 
silicate. Another variety in large hexagonal-shaped prisms is called 
Gigantolite. This variety shows in the highest degree, the pseado- 
cleavage due to the presence of Mica. lolite is occasionally used as an 
ornamental stone by jewelers. It has been found in large crystals in Had- 
dam, Conn. 

IX)RMXTLiB OF THE ORTSTAL& 

Fl VI. 
Mg, 12. 00 P. oof 00. OP. iP. f oo. Ilg. 13. oo P. oof oo» 
ooPoo. oofs. foo. OP. i^. 14. 00 P. oof 00. ooPoo. oof 3, 
P. iP. iP. 2foo. foo. ffoo. OP. 

>ITCA GROUP. 

Under the name of Mica a number of minerals are included, which 
have very analogous characteristics, but which have variable compositions. 
They contain Si, 1^ B, ^r and a little PI and'S, which varies trom.5— 3^, 
but which does not appear to be essential to the composition. Some 
varieties contain Ti and Zr. All of these substances are however in very 
variable proportions. It is impossible to represent them, except approxi- 
mately by formulae, although it is necessary to make this approximation^ 
in order to distinguish the varieties. Among the tt, Li, Cs and Ru fre- 
quently occur in some of the varieties. Seven difFeient varieties have been 
recosrnized. We shall have occasion to di^c•l]ss oiilv three 
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Biolile. (i (fe, Mg, *'e)*4-i (XI 1Pe))« Si*. Hexagonal. 

• It is usually found in hexagonal plates, the crystals showing three oi 
more hexagonal pyramids and sometimes a rhombohedron, PI. VI. 
Figs. 15, 16. Cleavage, parallel to the base. Lustre, splendent, more or 
lesij pearly on the base. When black, subraetallic. The prismatic faces 
are vitreous. Transparent, translucent, opaque. Color, generally green 
to black; in thin lamellae, green, red or brown. Streak, colorless. 
H.=2.5-3. 0.=2.7-3.1. Composition, lig 4-25, t^ 0-20, XI 11-21, 
Fe 4-25, fii 36-44. 

P>T, &c, B. p. In a closed tube, generally gives a little B[. Some 
varieties give a reaction for fluorine. Whitens and fuses on the edges. 
-Gives reactions for iron. Decomposed by S. 

It is found in large crystals at Greenwood Furnace, N. Y., and elsewhere. 

FORMULA OF THE CRYSTALS. 

PI VL 
Fig. 15. OR. ooP2. JP2; the latter form has a part of the faces 
wanting. F\g. l^, OR R. oo R iP2. }P2. 2P2. 

MuicoFite. (t*(Xl, Pe))* Si'+l^ Si. Orthorhombio. 

8yn. — Common Mica, Biaxial Mica, Potash Mica, Kaliglimraer, Phengit 

Chrome Mica, Fuchsite, Chromglimmer. 

It is found in the crystalline rocks in crystals, which usually have a 
rhombic or an hexagonal contour, PL VI. Figs. 17. 18, 19. It was 
thought for a long time that these crystals belon/ed to the hexagonal 
system, but they are orthorhombio. The primitive form is a rhombic prism, 
which has an angle of nearly 120°, producing limit forms. When the 
crystals are complete, they have six-sided terminations. Pyramids alone, 
or with a brachydome are rarely found. Figs. 20, 21. Tlie edges of the 
crystals are never perfect, as they are made up of a large number of 
lamellae superposed. Complete crystals are very rare. All the varieties 
of Mica have a very eavsy basal cleavage. The lamellae may be separated 
with the nail, for which reason the crystals are usually flattened in the 
direction of the cleavage, which is parallel to the base. Lustre, pearly, 
sometimes submetallic. Transparent, translucent, opaque. Color, white, 
gray, brown, green, violet, yellow; sometimes rose-red. All of these 
•cold's pass into black when they become intense. Streak, colorless. It is 
Always transparent, but it may absorb the greater part of the li^ht or per- 
haps the whole of it if the color is very dark and if it is not in thin plates. 
Some varieties show tho phenomenon of Dichroism. They are generally 
those which contain ^r. These Mica^ have been very little studied. 
Muscovite possesses double refraction of one and sometimes of two axes, 
which has given rise to the distinction of uniaxial and biaxial Micas. This 
olassifi cation has no particular interest, and has a very remote connection 
with the chomioal composition. It has l»een recently discovered, that by 
8uper[>osing scveial plates the same species mav be made uniaxial or 
biaxial. il.=2-2.:>. <iJ.='J.75-3.1. Comix^sinon, ti 5-12, XI 31-39, 
1?e 1-v^, :;5i 43-50. 

PjT, &0. B. I*. In a cl«\<ed tube, gives ofi' water and reacts fop 
fluorine. Whitens auti tuses at 5.,"> to a grayish or yellowish glass. Not 
attacked bv acids. 

When the plates are vtTV tluu they are exceedingly flexible and elastic 
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When the Mica has been altered this elasticity is lessened and sometimes 
entirely lost. These plates are unctuous to the touch, which is probably 
owing to the presence of Magnesia. In the crystalline rocks it is found 
in plates, which are often very small, disseminated throughout the entire 
mass. These little plates do not show any crystalline characters and are 
probably the result of the destruction of larger crystals. It is usually 
found in large thin sheets, which have probably been produced by the 
cleavage of very large crystals. Besides the easy cleavage it has others 
, that are more difficult. Cleavages are found parallel to the vertical, 
faces of the prism and sometimes parallel to the brachypinacoid, so that 
when a strip of Mica is held up to the light a large number of striations 
are seen in the direction of the cleavages cutting up the plate, sometimes 
into rhombs and sometimes into hexagons. Besides the varieties more or 
less well crystallized, the mineral is found in some curiously distorted 
shapes. A variety known as Palm Mica shows the plates, which are- 
usually very small, in the position of palm leaves. Tiiis position is caused 
by an apparently systematic arrancrement around certain curved lines as 
axes. It is sometimes found in granular masses, which are almost sacchar- 
oidal. This is generally the condition of the Micas, which contain 
chromium. 

It is used in Russia instead of glass. Its most extensive use is for the 
fronts of stoves and lanterns. It is abundantly found in the U. S. 

rORMULJS OF THE CRYSTALS. 

PI YI. 
Mg. 17.' OP. ooP. oof 00. Fig. 18. OP. oo P. oof oo. P. 
Mg. 19. OP. 00 f 00. 4 P. 2 P. 6 f 3. Fig. 20. P ; a rare form.. 
Fig, 21. P. 2 f 00 ; apparently an hexagonal pyramid. 

Lepidolite. ((&, ti)» (SI, Ve))^ Si«+2 Si. ORTHORnoBoic. 
Syn. — Lithia Mica, Lithionglimmer, Zinnwaldit, Lithionit. 

It crystallizes as a right rhombic prism of 120°. It has a perfect basaV 
cleayage. It is sometimes found in large imperfect crystals and in little 
plates almost granular, and appearing saccharoidal. This variety can be 
polished. Lustre, pearly. Translucent. Color, rose-red, violet, gray, 
lilac, grayish- white, white, or yellow. It is to these brilliant colors, which. 
resemble the wings of certain Lepidoptera, that it owes its name. Streak,, 
colorless. HE. =2.5-4. 0,=2.84-3. Composition, i 4-14, Li 1-5, XL 
14-38, Pe 0-11, Si 42-54. 

Pyr. &c. B. P. In a closed tube, gives off water and reacts for 
fluorine. Puses at 2-2.5, with intumescence, to a grayish glass, coloring^ 
the flame red. Attacked by acids. Gelatinizes after fusion. 

It is found in large quantities in Paris and Hebron, Maine. 

SCAPOI.ITE GROUP. 

Ifemerite. (i(Ca, tf&y+i *1)' Si"+Si. Tetragonal. 

Syn. — Scapolite, Paran thine, Glaucolite. 

It crystallizes in a right square prism, with cleavages parallel to the faces 
of both prisms. The prism and pyramid, or the two prisms and pyra- 
mid and basal pinaooid are usually found in the small colorless crystals, 
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PI. Vn. Figs. 1, 2, 3. These crystals can generally be distinguished by 
their form frora the substances which accompany them. They are usually 
found with Orthoclase. Nephelite and vitreous Feldspar. The earthy 
Tarieties have generally the same form, the prism of the second order being 
usually more developed than the others, so as to give the appearance of an 
octagonal prism. The octagonal prism is also found on the edges of the 
prism of the first order, Fig. 3. It sometimes happens that the prism is 
surmounted by a six-sided pyramid, formed of four faces of a pyramid 
and two of a sphenoid, which may be mistaken for an hexagonal form. 
This hemihedry is frequently seen not on the prism itself, but on the 
octagonal pyramid. This gives an hexagonal termination on a square 
prism. The termination is then not symmetric with regard to the prism. 
This form is quite frequent. Its fracture is usually lamellar on account of 
ite numerous cleavages; otherwise it is conchoidal or uneven. Its lustre is 
vitreous, pearly or resinous and is very variable. In small colorless 
crystals it is vitreous ; in the large crystals and in lamellar masses, which 
are sometimes translucent on the edges, it is generally somewhat resinous, 
but in many varieties it is earthy and dull Transparent, translucent, 
opaque. Color, whit€, gray, bluish, greenish or reddish. The little 
vitreous crystals are generaUy colorless and unaltered. In the stony 
varieties it may be colorless, green or gray. The red color is general- 
ly an indication of an advanced state of decomposition. The rose-colored 
masses however, appear to be natural. Streak, colorless. HE. =5-6. 
O. =2.63-2.8. Composition, ^a 5, Ca 18.1, XI 28.5, Si 48.4. Some 
varieties contain 2-3 ^ of water. 

Pjrp. &e. B, P. Fuses easily, with intumescence and gives 
usually a spongy scoria, especially if it has not been altered. When it has 
undergone a commencement of decomposition, the intumescence is much 
greater, the fusion is easier, and a blebby glass is obtained. It is decom- 
posed by acids. 

The e.irthy varieties are generally decomposed on the surface, and may 
be covered over with a whitish or reddish coating. When it is well crys- 
tallized, it can readily be determined by its crystalUne form and by the 
fact that it is sometimes covered with a partially decomposed coating, 
which is more or less pulverulent. In cleavable crystalline masses, it is 
not always easy to distinguish it from the Feldj;pars. If the specimen is 
well chosen, it may be recognized by its lamellar and scaly fracture, and 
resinous and waxy lustre. When, however, these characters are not very 
well marked, the determination is difficult. The blowpipe then must be 
used. The intumescence will distinguish it. It has been found in some 
localities as bacillary radiations and fibrous, but these specimens are very 
difficult to determine and are only mineralogical curiosities. It has been 
found in Vermont, Massachusetts, Connecticut, New York and New Jersey. 

FORMULAE OF THE CRYSTALS. 
PI VII. 

Fig. 1. 00 P. 00 Poo. P. Fig. 2. ooPoo. oo P. P. Poo. 
Fig. Z. 00 P. 00 Poo. ooP2. P. OP. Fig. 4:. ooP. ooPoo. P. 
P 00. 3 P. 3 P 3 ; from Siberia. 

NEPI1EI.TTE CJKOUP. 

IVephelilc. (^a», Ky Si»+3 *P gi»-f3 §i. Hexagonal. " 

Syn. — Elaeolite, Davyne. Sommite, Elaolith. 
Its form is the regular hexagonal prism. It has traces of cleavage 
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^parallel to the faces of the prism and base. It is very difficuh, howe\ er, 
to produce them, as the crystals are almost always small. Its usual form 
is the hexagonal prism, with one or more hexaj^onal pyramids and the 
base, PL VII. Figs. 5, 6. Its fracture is conchoidal and brilliant. Its 
natural faces have a vitreous lustre. It is generally tiansparent and color- 
less, white or yellowish, but sometimes opalescent. The massive varieties 
are dark green, greenish, bluish, brownish and brick- red. Streak, color- 
less or same as color. !!• =5.5-6. O. =2.5-2.65. Composition, iSTa 16.9, 
i 5.2, XI 33.7, Si 44.2. 

Pjrr. &c. B. P. Fuses at 3.5 to a colorless glass. It gelatinizes 
"with acids. 

It is generally found in modem lavas, in the Dolomite of Mount 

."Somma, and in the products of a few other modern volcanoes. It is 

usually accompanied by a number of other crystalline minerals, almost all 

vof which are colorless as it is. These may be Zircon, Anorthite and the 

vitreous variety of Orthoclase. It can however be distinguished from all 

these, because its form is hexagonal. 

FORMULJS OF THE ORTSTALS. 
PI VII. 

Mg. 6. 00 P. OP. P; usual form. Fig. 6. ooP. ooP2. ooPf. 
.6P. 4P. 2P. P. fP. iP |P. OP. 4P2. 

L.EUCITE GROUP. 

Eiapls-Ijazan. ^a, Ca, £1 Fe, Si, S, S. Isometric. 
Syn.- -Lasurstein, Lasurit, Pierre d'Azur. 

It generally occurs in amorphous masses, but crystals have been found 
which are rhombic dodecahedra. They come from Baikal in Siberia. It 
shows a trace of cleavage parallel to the face of a rhombic dodecahedron. 
Fracture, uneven. Lustre, vitreous. Translucent, opaque. Color, 
azure-blue, violet-blue, red, green ; colorless. Streak, same as color. 
.H.=5-5.5. 0.=2.38-2.45. Composition, S^a 0-12, Ca 1-23, *1 11-43, 
Ve 0-4, Si 40-66, § 0-5, S 0-4. Lapis-Lazuli is a mineral of very com- 
plex composition for which it is impossible to give any formula. It 
•contains Na, Oa, Al, 5Pe, Si, S and some free sulphur. It has been 
artificially produced and is the ultramarine of commerce. The presence 
of § and S in this silicate has not yet been explained and it is not known 
how the iron exists. It is more than probable that it is a mixture. The 
color is different shades of blue, according to the locality from which it 
comes. Its hardness is variable and seems to be owing to the substances 
which accompany it. The hardest variety scratches glass with difficulty. 

Pyr, Sec. B. P. In a closed tube, gives a Httle water. Fuses 
easily at 3, with intumescence and gives a bluish bead. In acids it is 
more or less easily attacked and gelatinizes, evolving at the same time a 
little HS. The action of acids is frequently to decolorize it ; sometimes it 
is not attacked by acids, except after calcination. 

For a long time Lapis-Lazuli was only found in veins of limestone and 
was filled with Pyrite, as in Siberia, but within a few years some places 
have been found in this country where it is associated with Quartz and is 
■conseqnently much harder than the other varieties. It is much used by 
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jewelers, especially when it contains Pyrite. It was formerly used to make 
ultramarine, but is now superseded by a cheap, artificial preparation. 

Hanynlte. (i Sa'+i *!)* Si*+Ca S. IsoMErraa 

Syn. — Hauyn, Berzeline. 

It crystallizes in octahedra and rhombic dodecahedra, PL VII. Figs, 7, 8. 
Hemitropes parallel to a lace of the octahedron, and twins with all 
the faces parallel also occur, Figs. 9, 10. It has a cleavage pai-allel to the 
rhombic dodecahedron. Fracture, conchoidal or uneven. Lustre, vitreous. 
Translucent, opaque. Color, various shades of blue or green. ^ Streak, 
(!olorless or bluish. fl,=5.5-6. 0,=2.4-2.5. Composition, iffa 16.5, 
'k\ 27 A, Si 32, Ca 9.9, B 14.2. It is remarkable, like Lapis-Lazuli, for the 
S which it contains. 

Pyr, &€. n. P. In a closed tube, suffers no change. Fuses at 
4.5 to a white glass. Reacts for sulphur. Gelatinizes "With acids. 

It is found in basalts and volcanic rocks and is easily recognized by its 
blue color. Vivianite resembles it somewhat, but is readily distinguished 
from it by its associations and its easy cleavage. 

FORMULA OF THE CRYSTALS. 
PI VIL 

Fig. 7. 0. Ftg. 8. ooO. Fig, 9. Twin crystal; composition-&ce 
0. Fig. 10. Hemitrope ; combination 0. oo 0. 

• Lencite.* £[ Si+^1 Si'. IsoMEXBia 

Syn. — Amphigene. 

It is always found crystaUized as the tetragonal trisoctahedron. The 
one usually found has the notation 2 2, PL VIL Fig, 11. Very m- 
(iistinct cleavages are sometimes found paraUel to the rhombic dodecahe* 
(Iron. Fracture, conchoidal It has very little lustre on the natural faces ; 
on the fracture it is vitreous in the transparent varieties. In the others it 
JM opaque and dull. Its crystals are sometimes transparent, but generally 
opaque as it has often undergone a decomposition towards porcelain clay» 
It is generally white or grayish, yellowish or reddish white. Streaky 
(!olorless. 0.=5.6-6. 0.=2.44-2.56. Composition, t 21.5, Xl 23.5, 
Si 55. 

Pj'r. &c. B. P. Infusible, Soluble in acids, without gelatinizing. 
Reduced to powder and treated with water, it gives an alkaline reaction. 

It is a volcanic mineral, generally found in lava. It can generally be 
recognized by its characteristic crystalline form. It is often found in lava^ 
when it will be known from its being white or reddish in a dark colored 
rock. In the granular varieties, it is rare to find an entire crystal or even 
the place occupied by one. When the large crystals are broken, it fre- 
quently becomes apparent that the outside only is Leucite and that the 
whole of the interior is made up of lava. This is a phenomenon very 
iinalogous to the one we shall presently speak of under Andalusite. The 
(jrystaliine form will generally be sufficient to distinguish it, but it might 
h(t confounded with Analcite which has the same form. 'This however 
[m fusible and contains water. 

'"' ' N'oiii ItHtli iiiakH-s I.tMU'ite t»*traf?<)iial on account of certain peculiarities of the 
IwlMUiiit^- 



LECTURES ON MINERALOGF. 49 

PEL. DS PA It OROUP. 

Like Amphibole and Pyroxene, the feldspars form a group. Unlike 
them, however, the name feldspar applies to the group and the varieties 
are real species, while with Amphibole and Pyroxene the varieties are 
only pecuhar conditions of the same species. The minerals generally 
known as the feldspars are Anorthite, Labradorite, Oligoclase, Albite and 
Orthoclase. The entire group, however, comprises a much larger number 
than this. 

All the feidspars are made up of iGt, fi, Si ; but in the different species 
ihe relative proportions of these substances vary. Thus we have for the 
oxygen ratio in 



Anorthite, 

Labradorite, 

Oligoclase, 

Albite, 

Orthoclase, 

Thus it will be seen, that these species differ always in the relation of the 
silicic acid to the bases, the relation between the bases being al\Vays 1 : 3. 
They are very analogous the one to the other and all crystallize in the 
triclinic system, except Orthoclase. 
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Anorthite, 


120° 31' 


110° 40' 


114° 6i' 


94° 10' and 85° 50 


Labradorite, 


121° 87' 


110° 50' 


113° 34' 


93° 20' " 86° 40' 


Ohgoclase, 


120° 42' 


110° 55' 


114° 40' 


93° 50' '^ 86° 10' 


Albite, 


120° 47' 


1 1 0° 50' 


114° 42' 


93° 36'^' 86° 24' 


Orthoclase, 


118° 48' 


112° 13' 


112M3' 


90° 



It thus appears that these species of feldspar may be mistaken the one 
for the other, unless the measurements taken are very exact. The differ- 
ent varieties are analogous in their cleavage also. 
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Anorthite, 


easy 


imperfect 


none 


none. 


Labradorite, 


kb 


difficult 


traces. 


(( 


Oligoclase, 


very easy 


less easy 


difficult 


none. 


Albite, 


easy 


u 


u 


traces. 


Orthoclase, 


u 


easy 


hi 


difficult. 



All of these slight differences appear to be owing to the fact that the 
bases K, although isomorphous, are not entirely in the same conditions. 
For these variations in the cleavage correspond to differences in the bases 
tJiat make up the different species, as we shall presently see. The den- 
sities of these different species are about the same, but have slight varia- 
tions. 

Anorthite, 2.66—2.78. 

Labradorite, 2.67—2.76. 

Oligoclase, 2.65—2.69 

Albite, 2.59—2-65. 

Orthoclase, 4 2.44—2.62. 
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In general, it may be said that Orthoclase has potash for its base and 
Albrfe, Moda; bat there is nothing absolute in this, for the analyses of a 
(pertain number of specimens of Orthoclase show that it may contain more 
Aa than &, and that Albite may contain more £[ than iSfa. But in general 
the rule holds good and it is probably owing to this, that there is a differ- 
ence in the forms of the two species. Oligoclase contains principally 
Ifttf with Ca and a little & ; Labradorite contains principally Oa. Anor- 
thite resembles Oligoclase, but contains more Ca. Oligoclase, Albite and 
Orthoclase are not attacked by acids, probably on account of the very 
large proportion of Si. Labradorite and Anorthite are completely soluble 
in acjdn, gelatinizing. It is difficult to distinguish the symmetrical and 
(Vtmymmeincal forms in simple crystals, as PI VII. Figs. 14, 15 and 
/%'yilL Figs. 11, 12. but when the crystals are composite or macled, 
H beci^mes easy. In PL VIII. Fig, 14 is shown a crystal of Orthoclase, 
macled by a hemitropy parallel to the clinopinacoid : PI. VII. Fig. 18 
Ml a crvHtal of Albite, macled in the same way. In the first case the two 
(srynMA^ are perfectly symmetrical and the angle between P and oc ^ oo 
fn a right angle. In the second case they are not ; the angle not being a 
rigftt aogie, where the faces come together, a reentrant angle is formed on 
Ui^, line of junction. On the opposite faces below there will be a dome. 
Besides this, (he cleavages panJlel to the base go through the entire 
^^iMlal of Orthoclase, which is not the case in Albite, since the two 
^Tf »UU do not correspond. The same is true of the other macled species. 

Anorthite. (i Oa' +| £1)* Si*. TRicLcna 
St». — Indianite, Christianite, Amphodelite. 

y\tfi primitive form is a doubly inclined rhombic prism of 120** 31'. 
AttHfft^ the products thrown out by certain volcanoes, especially in the 
hUffck*^ from Dolomite of Ml. Somma, the vitreous variety of Orthoclase is 
t^fftfid in »mall transparent crystals, which look like melted glass. K they 
*!?<? ^5»rehi!ly examined with a glass, other crystals are sometimes found 
wtMt resemble them, but which are not symmetrical and have reentrant 
«^»ijfle*. This mineral is the teldspar Anorthite. These crystals of Anor- 
titii^T are always very small, and otYeii cannot be distinguished except with 
i^ fj^Mim, They are usually complete and so evidently of a different form, 
fi^oA thev are easilv distinguished from the crvstals of vitreous Orthoclase, 
Wku^ are generally flattened in the direction of the brachypinacoid or 
ftf*i ^rreo r^uced to the thinness of paper, while the crvstals of Anor- 
fim» are about equally developed, and appear sometimes aJmost spherical. 
Thh usual forms are shown in PL VIL Figs. 12, 13. Cleavage, parallel 
t/> Kia^ ba?e and brachvpinacoid. Fnieture, conchoidaL Lustre, vitreous, 
l>ut peady on the cleavage. Transparent, translucent, opaque. Color, 
•»ha.Ut, gpravk?h or reddish. " Stn^ak, colorle^^. H.=6-7. 0.=2.66-2.78. 
(>jiiilM>r^iuoii, Ca 20, SI 36.9, 5i 43.1. 

PlfT. Sl^. B. p. Fuses at 5 to a colorless gli\s&. Soluble in Hd, 
|5ieia.tiTi2zing. 

rORJ*rL.K OF THE CRYSTALS. 
PL VII. 

/V/ 11. x P . 30 P. p. 2 P 00. 2 P OC. 2 P 00, 2 P 30. .P,O0l, 

p. P- P il\ F*g, 13. 00 P. 00 P OR 00 Px. 2'Foa 

2PQ0. JPOC 
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Eiabradorlte. (Sfa, Ca) Si+Sl Si*. TRioLiNia 
Syn. — Labrador, Pierre de Labrador. 

Labradorite has the same forms and cleavages aa the other species 
of feldspar. Crystals, however, are very rare ; it is generally found in 
lamellar masses, which are highly striated and semi- translucent. Cleavage, 
easy, pai allel to the base, less distinct, parallel to the brachypinacoid and 
prism. Lusti-e on the base pearly, elsewhere vitreous. Trunslucent. 
opaque. Color, gray, brown or greenish, sometimes colorless. It usually 
has a bright play of colors on the cleavage faces. Streak, colorleiis. 
H.=6. G.=2.67-2.76. Composition, ]?fa 4.5, Ca 12.3, *1 30.3, Si 52.9. 

Pyr, &e» B. P. Fuses at 3 to a colorless glass. Partially soluble 
fa stroncj acids, and, when it has been reduced to a fine powder, it 
gelatinizes. 

The lustre of its fracture is very bright, and somewhat resembles that 
of Orthoclase, but the striations and the solubility with acids distinguish 
it. Its chief characteristic is its play of colors. It is readily distinguished 
firom a similar variety of Orthoclase by its striations. 

Oll^oelase. (i (Sa, Oa)" + f XI) gi"+3 j Si. Triclinio. 

Syn. — Oligoklas. 

Oligoclase is sometimes found in perfect crystals, which resemble Ortho- 
cla«5e, but differ from it by want of symmetry. These crystals are fre- 
tjuently lengthened in the direction of the macrodiagonal, PI. VII. 
Mg. 14. They are generally stony and do not have much lustre. Clea- 
vage, parallel to the base and brachypinacoid. Fracture, conchoidal or 
uneven. Lustre, pearly, waxy or vitreous. Transparent, translucent, 
opaque. Color, white, grayish, greenish; in Gold Stone (Aventurine) 
reddish. It is usually greenish. Streak, colorless. H,=6-7. G,= 
2.56-2.72. Compof^ition, Sa 2-12, 6a 0.5-5, *1 19-24, Si 59-64. 

Pyr, &e» B. P. Fuses at 3 5 to a clear glass. Not acted upon 
by acids. 

Crystals of Oligoclase are quite rare, but Inmellar masses are found in a 
large number of rocks. They can be easily distinguished from Orthoclase 
by the striations, but it is quite difficult to distinguish them from Albite, 
since their external characters are nearly the same. When the mass is 
greenish it is probably Oligoclase, but when the mass is red or white it 
will be doubtful. The only way to distinguish them will be a chemical 
analysis. For a long time the massive specimens of Oligoclase were con- 
founded with Albite. It can sometimes be recognized by the minerals 
which accompany it. Thus, from Arendal in Norway, it i.-^ usually 
associated with green Epidote. It can be distinguished most satisfactorily 
by a determination of the fii, which need not be very exact, for the pro- 
portions are very different in the two minerals. Albite contains 68-72^, 
while Oligoclase has only about 60^. It has been found in New Hamp- 
shire, Massachusetts, Connecticut, Pennsylvania, Delaware and elsewhere. 

FORMULA OF THE CRYSTALS. 
PI VII. 

Ifig. 14. OP. cxfoo. oo'fS. oo'P. ooF. ,P. P,. 2'P^oo. 
2.1^00. P,oo. 2.P00. 
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41bite. (J]?f a» + } *1)' Si*+ 6 Si. Triolinio. 

Syn. — Tetartine, Pericline. 

The crystalline forms of Albite are very nearly the same as those we 
shall dcvscribe under the head of Orthoclase. Simple crystals are quite- 
rare. PI. Vn. Fitjfi. 15, IG, 17. There is a very remarkable form of 
Albite, whicli shows a great development of the base and hemi-ortho- 
dome, Fi<)s. 22, 23, It constitutes the variety called Pericline. which is 
generally milk-white and opaque, with a very bright lustre. They also- 
sornetinies contain the faces of ahemi-brachydome. These crystals appear 
at fii'st sight to be symmetrical, but it will be remarked that the striations 
on the surface are not contmuous, which shows that the crystals are 
foniii'd of the union of several others. Hemitropes parallel to the base 
oft,en occur, PI. VIII. Figs. 1, 2. The exterior of the crystals of 
Pericline are often covered with iron and Chlorite. The ordinary form of 
Albite is the twin parallel to the brachypinacoid, Mgs. 18, 19. The 
obliquity between the base and the brachypinacoid produces reentrant 
angles on one ^ide, and a dome on the other. This disposition is charac- 
teristic of Albite. In the hemitrope crystals the cleavage is never perfect 
across the crystal. Reentrant angles are also made by a hemitrope 
around the normal to the brachypinacoid, sometimes parallel to the base. 
These crystals are rarely ever formed alone. Albite is generally found 
in collections of crystals, united to form one large one. A transverse 
section of a crystal often shows a series of reentrant angles, analo- 
gous to those described under Quartz. Such crystals are composed of 
others which are generally hemitrope, sometimes in one direction, and 
sometimes in another. The faces of junction produce striations which are 
parallel to each other, and which often produce a pearly lustre. Albite 
has easy cleavages, one parallel to the base, and one parallel to the brachy- 
pinacoid. The fracture is lamellar and sometimes conchoidal or uneven. 
It is often granular in the imperfectly crystalHzed varieties. Its lustre oa 
the faces is vitreous, but on the fracture it is pearly. Transparent, 
translucent, opaque. The color is generally white, either clear or milk- 
white. It is sometimes rosy- red, yellowish, greenish, bluish, grayish. 
Sometimes it has a bluish opalescence. Streak, colorless. It is lamella? 
and sometimes even fibrous. Il,=6-7. G. =2.59-2.65. Oompoi<ition» 
]5ra 11.8, *1 19.6, Si 68.6. 

Pyr. &c, B. P. Fuses at 4 to a clear bead, coloring the flame 
yellow (]5l"a). Insoluble in acids. 

Albite is found in a number of rocks ; associated with Hornblende it 
forms Diorite. It is quite common in G-neiss. It is found also in 
Trachytes and Phonolites. It is frequently found in Porphyries. When 
it is associated with Orthoclase in Granite it can be readily distinguished 
by its greater whiteness. Rare minerals and gems are often found in 
veins of albitic Granite. The lamellar masses of Albite are distinguished 
by the visible striations produced by hemitropy, which are generally less 
distinct in the other varieties of feldspars, except Oligoclase. The 
striations in pencil may also be seen sometimes by turning the crystal a 
little in the light. It can sometimes be distinguished by the feathered and 
fibrous disposition of the fracture. The fracture of Albite is also more 
generally granular than that of Orthoclase. Such characters are however 
often difficult of observation. 
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FORMULAE OF THE CRYSTALS. 

PI VII. 
Fig.lf>. oo'P. 00 P'. oo'P3. ooP3. ocPoo. OP. Poo 2 Poo, 
f 00. P'. iP'. Fig. 16. The preceding, without i P', but with 'P. 
F^g. 17. Twin crystal. Fig. 18. Hemi trope ; composition-face oo P oo. 
FKg. 19. Twin crystal, with the combination oo P oo. oo'P'. oo'P 3. 
OP. P 00 ; cliaracteristic form of Albite. Fig. 20. Hemitrope as in 
F^. 19, but the two halves by interpenetration cro^^sing on a vertical line, 
so that the right quarter in front is continued in the lell quarter behind, 
and the left in front in the right behind. Fig. 21. Double twin, formed 
by juxtaposition, parallel to the vertical axis, of two twins like 
Fig. 20. according to the law of the orthoclase twins, PI. VIII. Figs. 21, 
22. Fig. 22. OP ,P^oo. oo'P. oo F. oof oo; form of Pericline. 
Fig. 23. The preceding, with ^P and fPoo. PI. VIIL Fig. 1. 
Hemitrope; composition-face P. As the part revolved in this case is 
vfche lower half and the salient angle is on the left, this twin is left-handed. 
Fig, 2. The same as the preceding, but ri^//i^a?irfe<Z, because the upper 
lialf is the part revolved. 

Ortlioeia§e. (i fe 3+J Al)' gi'-hG Si. Monoclinic. 

Syn. — FeMspar, Feldspath, Adularia, Adular, Eisspath. Orthose, 
Pegniatolith, Loxt)clase, Ryacolite, Sanidine, Microcline, 

Amazon Stone. 

It crystallizes as an inclined rhombic prism of 118° 48'. The primitive 
form of Orthoclase, PL VIII. Fig. 3, without modifications is compara- 
tively rare. At first sight it might easily be mistaken for a rhombohedron, 
but the direction of the striations shows that it is not. The sti iations of 
the base are parallel to the .orthodiagonal, while those of the prism are 
parallel to the edges of the base. There is another form made up of thti 
prism and a hemi-orthod(»nie, Fig. 4, which might still more easily be 
mistaken for the rhombohedron. but it can be distinguished from the first 
by the stiiations. These crystals aie sometimes quite large an«l their 
surface is generally covered with Chlorjle, which sometimes mnsks the 
«trise. In order to find out what form it is, it is sufficient to effect a 
cleavage, which shows the disposition of the striie. Besides these forms 
which belong to detached crystals of Orthoclase, others are found in 
•eruptive rocks. They are generally long crystals as in i%«. 9-11. Thovse 
of the first type are very often vitreous. They are then very thin in the 
direction of the chnopinacoid, In the second form, Fig. 10, the faces of 
A clinoprism appear. These faces are generally small and without lustre, 
which distinguishes them from the others, which are usually brilliant. It 
is often found in Granite with a lengthened form, Ftg. 12, in which the 
rectangular prism predominates. Beside these forms, it is susceptiljle of 
macles and hemitropes, which may be produced according to dillerent 
laws. Sometimes the hemitropy takes place around the face of the clino- 
pmacoid, and then the form Fig. 14 is produced. As we have seen 
before, there is generally a cleavage parallel to the base, but sometimes it 
happens that the striations do not continue in the same line in the two 
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crystals either parallel to the base or the hemi-orthodome, which shows 
that the crystal is hemitrope. Sometimes, particularly in the trachy tic 
rocks, the crystal is hemitrope around the cliuopinacoid and is then dis- 
placed laterally, but the parts penetrate each other very nearly half and hal^ 
Figs. 20-22. The very lengthened forms, Fig. 12, may give rise to two henii- 
tropes. The 6rst, Fig, 13, takes place around a normal to the base. Id 
this case, as the angle between the base and the cliuopinacoid is 90**, the 
cleavage parallel to the cliuopinacoid goes through the whole crystaL 
The second hemiiiope takes place around a diagonal. Fig. 15. The two 
faces of the clinopinacoid are almost at right angles, in this form the 
faces of a clinoprism are frequently found. These forms are easily dis- 
tinguished from Albite; for when the hemitropy is in the first case the 
cleavage parallel to the clinopinacoid does not go through the crystal. It 
is sometimes found in very large crystals. It is rarely simple, bat is formed 
of macles of several crystals, according to one or more of the laws just 
described. These clusters of macles can readily be distinguished by their 
Btriations. It has an easy cleavage parallel to the base and clinopinacoid 
and a less easy one parallel to the orthopinacoid and prism. 

On account of the two very easy cleavages, Orthoclase is almost alwajA 
more or less split, so that it has the appearance of having brilliant ihce& 
or mirrors in its interior. Its fracture is generally lameUar ; across the 
crystal it is sometimes conchoidal and sometimes smooth. The lustre of 
Orthoclase is vitreous, in the transparent crystals ; on the cleavage faces- 
it is oflen pearly. The faces of the base and hemi-orthodome are always 
less brilliant than the faces of the prism ; and the faces of the clino- 
prism are always without lustre. Transparent, translucent, opaque. The 
transparent varieties are generally whitish and show mirrors caused by 
cleavage. Color, flesh -red, white, gray, greenish or bright green. Streak, 
colorless. H.=6-6.5. 0.=2.44-2.e2. Composition, K 1^9, XI 18.8, 
Si 64.6. Some varieties contain as much as 10% of soda. Generally the 
largest amount is ^^ ; most varieties contain only a trace. 

P]rr« &c B« P. The colored varieties whiten. In thin scales it 
is fusible between 4 and 5 to a white ^lass. With borax, it gives a trans- 
parent glass and with S. Ph., a silica skeleton. Not acted on by acids. 

The colors of Orthoclase are in general not Tery decided ; they are 
white, grayisli and flesh-color, more rarely rose-red and green. This last 
varietv is used for ornaments under the name of Amaion Stone.* A 
transparent, vitreous variety of Orthoclase is found among Yolcanic pro- 
ducts, generally in Lavas or Trachytes. This Tariety has been called 
vitreous feldspar or Sanidine and was for a long time known as Rhyacolite, 
which was supp<»$ed to be a separate species of feldspar. They are 
generally characterixed by rounded exterior surfiuies, which gives them 
uie appearance of having been melted It appears, however, to be owin^ 
to the circumstances which prevented them frt)m forming completely* 
Some of these varieties show the hemitropy described, where the crystals 
liave been displaceii laterally. They are found in the granitic, trachytie 
and porphvritio roi^ks. The lengthened form is also found and the h^ni- 
tropes to which it givessi rise, A variety is found which changes its color, 
someiimt\!i showing* ilie j>lienomenon of asteria: the Keht falling upon it 
is dtwmjHvstHl »«d sliows a ^vnoil of rays. These varieties always have 
the oleavHiT^* jVHrallol to the oHnv^pinaivid ai>d the base, which tbrm fine 
DAnUlel stnatiousi on the surtkiw but this phenomenon is exceptionaL 
This varietv i^^ oalUxi MicKX'line. GenemlK the orvstals \ihi«^h show a 
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change of color are Labradorite. Beside these crystalliae varieties, there 
aie those which are only imperfectly crystallized, and this is generally the 
case in the Granitic rocks. Tnese varieties are generally in lamellar 
masses having the rectangular cleavages-^. They cannot be scratched with 
the knife, but they scratch glass. Their color is generally darker than 
that of the crystals. They are red, brown, yellow, green, but generally 
flesh-color. It is also found in granular and earthy masses. This is owing 
to a commencement of decomposition, the mineral passing into porcelain 
clay. Massive Orthoclase is frequently found associated with crystallized 
Quartz, both crystallizing together. The crystallization of the feldspar 
has been hindered and has assumed the shape of irregular thin plates. 
The Quartz is frequently smoky and gives to the mass the appearance of 
having hebrew characters written upon it The rock is called Graphic 
Granite. Geodes 611ed with perfect crystals are frequently met with in 
massive feldspar. Sunstone is the name of a variety which is transpa- 
rent in thin lamellar and has gold-colored Mica scattered through it. 
Part of the mineral known as Sunstone is Oligoclase. 

Orthoclase is the essential constituent of a large number of rucks. The 
feldspar of the porphyritic and trachytic rocksisgenerallyOrthocla.se; 
sometimes, however, it is Albite or Oligoclase. 

FORMULAS OF THE CRYSTALS. 

PI, vni. 

Fig, 3. c» P. P. Fig, 4. oo P. P oo. Fig, 5. oo P. P oo. 
OP; usual on Adularia. Fig. 6. The preceding, but with the base and 
hemi-orthodome equally developed. Fig, 7. The preceding with oo Poo. 
Fig, 8. The preceding, with oo P oo. P. Fig. 9. oc P oo. oo P. P. 
2 P oo; usual form of the Orthoclase in Granite and Porphyry. The same 
form is shown in Fig. 19, in a different position. Fig. 10. The preced- 
ing with ooPS. i^. 11. 00 P. 00 Poo. OP. 2 Poo. Poo. P. 
2Poo. Fig. 12. OP. ooPoo. ooP. 2Poo. 2Poo; usual form of 
the rectangular crystals. Fig. 13. Twin crystal ; composition-face P. 
Fig. 14. Hemitrope; composition-face ooPoo. Fig, 15. Hemitrope; 
composition-face 2 P 00. Fig. \^. Projection of a twin crystal similar to 
the preceding. Fig. 17. Double twin crystal, formed in the same way 
as /^. 15. jP%r. 18. ooPoo. ooP3. ooP. OP. 2Poc. Poo. 
f P 00. P. 2 P 00. Fig. 19. Usual form of Orthoclase. Fig, 20. 
Twin crystal by juxtaposition upon the face oo P oo. Figs. 21, 22. Twin 
crystals by interpenetration ; composition-face oo Poo. Fig. 21, is a left- 
handed and Fig. 22 a right-handed twin, as the left and right halves are 
respectively the parts revolved. 

PETROSILBX. 

Syn.— Felsite. 

Peirosilex, or compact feldspar, as it is often called, is for the feldspars 
what Comeine is for Amphibole. and Lherzolyte for Pyroxene. It is a 
rock of analogous composition with the feldspars and is sometimes their 
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matrix. The er#mpo«i::oa L? rarubSe. Si 70 — 80, sometiines less, lA 
IS — 2(}. Alkahes 11 — 16. According to tne proportion of the different 
ei'fment*. Petr^»^:':ei has given rise to different f^dspars. It is 
never crrstaHize*! and never ha> any well de^ed eharacier. Its 
haniness is about :he same as feidspar. It is not acted on bv acids. 
Fa^ible xo an enaaaeL intunaesci::z iC^ghdv, which is owing^ to 1 or 2* oi 
fl, which it some:inies contain*. It has an intermediate form and 
struc'ure. Its fraciare is scaly wiih sharp edges, which are sometimes 
translucent. It is often >2i'K>th and conchoidal like a coarse Aerate. 
It ha.« a fatty lustre and its c-olor is variable, but generaltv iTo^ht. 
By »iie iiardnes- it anight h-e c-jc!oanded with compact Quartz, bat its 
f jsibi.ity disiinsnl-hes iL It is toimd in natore under similar conditions 
with the feld<f'ars of which it sometimes contains crystals. Some 
varieties of Peirosilex approach Albite, otliers Orthoclase or 01i<'x>clase. 
They rarely approach Labnuiorite. Tney are often found associated -with 
the Granitic Porphyries, either as n«>iules or veins. 

PlTCBSrOXE. 

Srx. — Pechstein. 

Pilchstone, Pechstein. and resinous feldspar are names given to" a 
rock the composition of which is analogous to the feldspars, but which 
contain^ a con>i«.leraVe amoant of water. These rocks are quite 
fi agile and not >«» hard as Petrosiles. They are not att^ick^d hy acids 
and only partially attacks! by alkalies. They fuse with intumsscence 
an ! 'jtnerally whiten, as their color is usually due to organic matter 
Their composition i-^ anaiogou> to that of Petrosilex, except that ihev con- 
tain an amount of water varying from 4— S and even lOf^. Thev have a 
pcv- diar, vitreous, lustrous or resinous appearance, which cannot be de- 
scribed. Their fracture is irregular, though generally smooth, hut rarely 
conchoida! or plane. They are usually more translucent than Petrosilex 
an-i their colors are generally darker. They are often found associated 
with feldspar. Owing to their very peculiar and resinous lusti-e, they can 
easily be distinguished from the varieties of Opal called resinous Quartz. 
Their fusibility will however distinguish them in case of doubt. 

OBSIDIAX. 

Obsidian is a volcanic glass, which has a variable composition but 
which approaches that of feldspar. Si 70-80, XI 2-10, l^Ta and ]^ 3-10 
Oa and Mg 1-4, Fe 0-3, Mn traces. Volatile matter 0-4. The volatilemat- 
ter may be water or combustible material. Obsidian is generally of a 
dark green color, which is owing to the presence of iron, or of a dark 
brown, owing to organic matter. Its fracture is conchoidal and its lustre 
vitreous. Parts of it sometimes present the appearance of becomino* de- 
vitrified; such parts usually contain more lime than the otheis and are 
thus more stony, and then are often foimd as distinct globules in the mass. 
It is soiiictinies tound stratitied in beds of vitreous and stony matter; such 
specimens have not been thoroughly melted. Ob.sidian is found in great 
abundance in volcanic products and in lavas, ihnmgh which it is often 
scattered in the sliape of globules. Peles Hair is the name given by the 
native-' of the Saiulwich Islands, to the volcanic glass from Mauna Loa^ 
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which has been spun out into fine filiaments by the wind. A similar pro- 
•duct is sometimes found in blast furnaces. 

PUMIOK. 

Syn. — Bimstein, Pearlstone, Spherulite, Perlstein, Perlite. 

Pumice and Perlite are two products which are analagous in composition, 
And in their mode of formation to Obsidian. Some silicates when they 
are in a fluid state have the property of becoming porous and swelling, so 
as to resemble sponge. This is the case with some artificial slags. The 
■contact of such silicates thrown out by volcanoes with water produces 
Pumice. The name Perhte has been given to the same substance, when 
it is in little globules soldered together. Pumice resembles a very bulby 
and spongy glass; sometimes it is drawn oat into fine fibers, so that the 
mass looks fibrous, but sometimes it exists as re:il fibers. It is generally 
-of a white color, but frequently passes into Obsidian, v/hich has about the 
same mean composition and differs from it only in being compact. 

PRODUCTS OF DECOMPOSITION. 

Under the influence of atmospheric agencies, the silicates undergo a 
peculiar decomposition, especially when they contain any bashes susceptible 
of a higher degree of oxidation, such as Fe. In sucli cases the alkalies, 
the Oa and Mg, and even the silica, either by the action of pure water 
or water charged with C, are at times partly dissolved. Besides the 
action of water, other causes, such as the action of acid vapors, may have 
produced ibis decomposition. These vapors sometimes consist of HCl, 
which appears to be given off in abundance in certain formations, since 
chlorides are found in many rocks. At other times the decomposition is 
produced by S or HS, which fill the ground of certain regions. More 
often however, the decomposition is produced by damp air or by water, 
which may be water from thermal or other springs, or may be in the 
JBtate of saturated vapor. There is no silicate, which will not after ^ cer 
tain time be affected by such action. It is generally the feldspathic rocks 
which are affected in this way, which is the reason why we treat of this 
subject here. Sonietimes, when the decomposition has not gone very far, 
the structure and cleavage of feldspar can still be seen. Generally how- 
ever, they are in a more or less earthy condition, quite distinct from the 
parts which have not been acted upon. The products of decomposition 
can thus be generally separated. They are usually composed of silica, 
alumina and water. If these materials are not in perfectly defined pro- 
portions, and their variable composition seems to prove it, they are not 
mixtures of 3tl, Si and fl, but rather mixtures of definite combinations of 
these elements ; for by the action of the alkalies, only a very httle Si is 
dissolved, and without acids only a very little alumina. Although a part of 
the water may be driven off at a low temperature, the greater part can 
only be separated at a very high heat These products of decomposition, 
not having a definite chemical composition, cannot have any very well 
defined characters. They are generally in earthy masses. When dry, 
they absorb water and attract the tongue; in contact with water, they 
fall to pieces and make mud. This mud makes a paste which is more or 
less plastic, but cannot generally le drawn out without breaking. With 
he&{, they become hard and comi^act, but do not lose their water, except 
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at a very high temperature. They are iafusible, unless mixed with some: 
metallic oxides. When the decomposition has taken place in a rock, the- 
elements of which are well separated, as large grained Granites and 
Pegmatites, the Quartz is unaltered and the Mica is not decomposed ; 
the feldspar only has undergone decomposition. The Mica, however^ 
undergoes certain changes and takes a silvery look, which it did not have- 
in the unaltered rock. We shall separate these kinds of products of 
decomposition as follows : 

1. Kaolins, or porcelain clays, resulting from the decomposition of 
rocks in place. 

2. Ordinary Clays, formed as sediments. 
i5. Clays, produced by chemical deposition. 

KAOLIN. 

Syn. — Kaolinite, Porcelain Clay, Porzellanerde, Argiles & porcelaine . 

E[aolin is generally produced by the decomposition of the feldspar of 
granitic rocks, and is generally found in place. It is nsuaUy white and' 
somewhat plastic, not very coherent, earthy and without argillaceous odor 
when breathed upon. By crushing and washing, it is very easy to sepa- 
rate it from the undecoraposed materials accompanying it It is very^ 
much sought for when free from iron, for the manufacture of porcelain.. 
For this purpose it is indispensible that all the Mica should be washed out. 

Brongniart analyzed a great number of Kaolins used in the arts and ar- 
rived at the following limits : 

di 23-46, Metallic oxides 0.5-1, %1 21-43, Oa, % 0-6, Alkalies- 
0-0.6, fi 5-12, residue not argillaceous 0-3. 

Its general formula may be expressed as M di'+2 '&; £1 39.8, Si* 
46.3, fl 13.9 

ORDINARY OLAYS. 

Clays seem to have been formed from the product of decompositioot 
carried off by water and deposited in beds in the stratified formations. 
They do not have any well-defined characters. When dry they rapidly 
absorb water, which they lose easily and then contract and crack in every 
direction. They have an earthy and sometimes a lamellar aspec . When< 
taken from the earth they are sometimes somewhat translucent on the- 
edges and have a soapy look and a slight lustre. When breathed upon 
they give a peculiar odor called argillaceous, like the smell of ground after 
a rain. Their colors are very variable ; so remarkable that those found 
with salt are frequently called variegated clays. They seem to have under- 
gone a sort of metamorphism at a very high pressure, under the influence 
of which the iron and other metals in different degrees of oxidation have- 
given different tints to different parts of the mass. These different colore 
are frequently arranged in regular stratified layers. The chemical compo— 
sition of clays is very variable but they can all be arranged around two 
types, represented by the following compositions ; 

L II. 

Si 45—50 60— C6 

3tl 34—38 18—25 

fl 9—15 9—15 

These may be represented by the formulae 

':&? Si*+4 tl; §i 51.83, *1 35.36, tl 12.4G and 
*1 51^+3 tl; Si 65.64, XI 22.54, tl 4.82. 
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These clays are generally plastic enough to allow their use in moulding 
ftod for pottery. When they contain but little iron they can be used foi 
fire bnck. They absorb water rapidly and have a very distinct argilla 
ceous odor, and are only partially acted on by acids. 

CHEMICAL CLAYS. 

Stn. — Smectite, Terre ^ foulon, Steinmark, Lithomarge, Walkerde. 

The third variety constitutes the varieties known as fuller's earth or 
smectic clays. They can be almost entirely attacked by acids and alkalies, 
and are scarcely at all plastic. They do not fall to pieces in water and 
make a paste hardly capable of being drawn out, or, as it is said, is very 
short. In the fracture their lustre is quite bright ; they may even be trans- 
lucent on their edges. This translucidity disappears and re-appears, wheD 
they are placed in water. This may be done several times. When rubbed 
with the nail they Hometimes acquire a very high lustre. They do not 
absorb water as easily as the first two varieties, but they unite with fats, 
even when cold, and saponify. They are largely used for soap in the 
countries where they are found. 

The chemical clays differ materially in their characteristics from the 
ordinary clays, and also in their formation. They generally accompany 
certain metallic oxides and have the general appearance of definite com- 
pounds. They are not entirely amorphous, and when just taken from the 
earth are quite translucent on their edges and even sometimes transparent. 
They do not always become entirely opaque afterwards. Their fracture 
18 smooth and sometimes scaly and bright When rubbed they take a 
bright polish. In water they do not fall to pieces, and are not at all 
plastic, but they absorb water and become much more transparent Like 
the smectic clays, this translucidity may be made to appear and disappear 
several, times. They are all attacked by acids and gelatinize. They have 
no absolutely definite composition and therefore are not species. Certain 
authors have regarded tliem as species, but they should not have 
names given to them, except to serve a sort of pseudo-scientific purpose 
in distinguishing them. Their chemical composition is generally Si 44-50,^ 
£1 17-23, ti 22-27. They sometimes contain a little Mg and Pe, Some 
varieties of these chemical clays which have a schistose structure are 
called Lithomarge and also those which form the fluooan of certaiD 
metallic veins. 

in. Subsilicates. 

Chondrodlte. ISS.^ Si'. Orthorhombio. 

Syn. — ^Brucite, Humite. 

It crystallizes as a right rhombic prism of 94* 26'. The crystals show a 
very large number of faces and present several types some or which show 
hemihedral forms PI VIII. Mg, 23. The volcanic varieties have gener^ 
ally the most complicated forms. Cleavage indistinct, parallel to the base. 
Fracture, conohoidal or uneven. Lustre, vitreous or resinous. Transpar- 
ent, translucent, opaque. Color, white, yellow, brown, red, green, gray or 
black. Streak, white or yellowish. Il.=6-6.5. G.=3. 118-3.24. Com- 
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position, Mg 54.50, fi'e 6.75, Si 33.19, PI 5.56. Part of the oxygen is 
always replaced by fluorine. 

Pyr. &e» B. P, Infusible. Some varieties blacken and then 
become white. With fluxes, gives the reactions for iron. With S.Ph. 
or S, gives the reactions for Fl. Gelatinizes with acids. 

It is almost always found as rounded crystals, or in grains in limestone, 
sometimes associated with Graphite. Humite is generally found in the 
feldspathic rocks of Mt Somma. It might resemble certain varieties of 
Garnet or Tourmaline, but its gravity is less and its infusibility and action 
with acids will also distinguish it. 

It is found abundantly in Massachussetts, New York, New Jersey and 
Pennsylvania. Transparent red crystals are found at the Tilly Foster 
mine, X. Y. 

FORMULA OF THE CRYSTALS. 

PI vin. 

Fig. 23. 00 P. P 00. I P. f P 2. 4 1 oo ; some of the faces are 
hemihcdral. 

Tourmaline. ((l^Ta, K, Ca, Mg, i^e)* (Pe, *l, B))" §i». Hex.ygonal. 

Syn. — Schorl, Rubellite, Indicolite. 

It crystallizes in forms derived from a rhombohedron of 103", parallel to 
which it has traces of cleavage. The forms of Tourmaline are all hemihe- 
dral, with inclined faces. Thus the trigonal prism is frequently found, 
PL VIII. lygs. 24-27. This same liemihedry shows itself in the termi- 
nations. The ditrigonal prism is also found, PI IX. F\g. 5. Crystals 
are very often found hemimorphic, PI VIII. Figs. 25, 26. PL IX. 
Figs. 2, 3, 4, 5. Generally the crystals have a very large number of 
modifications, which show themselves by striations on the trigonal prism, 
making the section of the crystal a spherical triangle, which is generally 
equilateral. Fracture, conchoidal or uneven. Lustre, vitreous. Transpa- 
rent, translucent or opaque. Even the opaque crystals are translucent 
when out into very thin plates. Color, black, brown., blue, green, red, 
sometimes colorless. The black color may be intense green, blue, violet 
or reddish-brown, which colors are also found lighter. The red variety of 
Tourmaline is sometimes called Rubellite and the blue variety Indicolite. 
Very often the same crystal has two or more of these colors together. 
The Tourmalines from Elba often show two or even three colors. Streak, 
colorless. The varieties which contain the alkalies and the alkaline earths, 
are generally of a light color, while those containing the metallic oxides 
are darker. It sometimes has a remarkable dichroism. In the direction 
of the vertical axis, some crystals are yellowish-brown, and perpendicular 
to this asparagus green ; or respectively brownish-violet and greenish- 
blue; or purple and bluish. It is pvroelectric. H.=7-7.5. O,— 2.94-3.3. 
Composition, Na 0-5, K 0-4, Ca 0-2, Mg 0-15. t'e 0-17, ^'e 0-11, *1 
30-44, B 4-11, {§i 35-40. It is possible that a part of the B may replace 
a part ot" the Si. A small portion of Huorine is almost always found, 
which probably replaces t^ome of the oxygen. It is impossible to make 
anything more than a general formula, on account of the difficulties which 
the simultaneous presence of 5i, B and Fl cauj^es in the analysis. 

PjT. dec, li. !•• Most of the varieties fuse to a blebhy glass, biit 
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some are infusible. With fluxes, it generally gives the reactions for iron 
and manganese. Fused with bisulphate of potash and Fluorite. it gives- 
the reaction for boracic acid. Heated, loses weight, giving ofi* fluoride- 
of silicon or perhaps fluoride of boron. Not decomposed by acids, unless 
after fusion. 

Those varieties which contain metallic oxides have difi*erent characters. 
The darkest are fusible, with intumescence, but the clear varieties are gener- 
ally infusible. They all color the flame green, owing to the presence of 
S. None of them are attacked by acid^. The red variety called 
Rubellite has been used to imitate Ruby, but it possesses only simple 
refraction. Tourmaline is very remarkable for certain physical properties; 
it is much used in optics, particularly in the study of polarization. 
A bacillary variety is also found made up of baguettes more or less fine, 
generally placed together in a parallel position, but sometimes radiated.. 
It might be confounded with the radiated varieties of Andalusite, but can 
be distinguished by the complete absence of cleavage. From Aniphibole 
and Pyroxene, they are distinguished by the reaction for B. Generally 
the cylindrical disposition of the crystals may be distinguished even in 
the baguettes ; when the crystals are acicular, the glass will have to ho- 
used. Very fine crystals of Rubellite and Indicolite have been found in 
Maine and Massachusetts. The common varieties are found abundantly 
in the U. S. 

FORMULAS OF THE CRYSTALS. 

PL VIII. 

ooR 
Mg, 24. 00 P 2. — ^- -JR; a very frequent form. Mg, 25* 

ooR 
00 P 2. • -^ R above, below -JR. OR; a usual hemimorphic 

ooR 

crystal. Fig. 2G. ooP2. - —o~' ^- ^^^ above, R below. Fig. 27. 

00 P 2. -^- -iR3. R. Fl. IX. F\g. 1. ooP2. -^ 

R; a common form. The prisms are often oscillatory combined, so that. 

ooR 
the crystal becomes triangular in shape. Fig. 2. oo P 2. ^ • -2 R. 

R. above, -2 R alone below. Fig. 3, ooP2. R. -2 R above, R. 

ooR 
below. Fig. 4. oo P 2. — r— * R. -J R above, -^ R. i R below. 

z 

Fig. ^. 00 P2. 5|5-.?|?- -^R. R. -2R. iR5 above, R. -i R^ 

below ; from St. Lawrence Co., N. Y. 

Audaliisite. ^1 Si. Orthorhombio. 

Syn — Chiastolite, Made, Hohlspath. 

It crystallizes as a right rhombic prism of 94° 48'. The crystals usually 
affect the form of the prism, sometimes with the faces of the macro- and 
brachydome, PL IX. Figs. 6-8 ; and sometimes this form is associated 
with the brachydome and a macroprism. Fig. 9. These prisms are easily 
mistaken for the sq'^are prism, as their angle varies so slightly from a right 
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Angle. A particular disposition of Andaltisite is called Chiastolite or 
Macle. This name has however no connection with the crystallographioal 
property known as made. The mineral has generally been found in black 
fichistose rocks. In crystallizing it frequently envelops them, as we have 
fieen that it did under Mica. This absorption of the schist is, however, 
made in accordance with a law ; the foreign substances are regularly 
placed in the crystal, following a law which varies from one crystal to 
another and may even vary in the different parts of the same crystal. 
The color of the mineral is a reddish-white and the schist is black, so that 
the appearance of the crystal when cut perpendicularly to its greatest axis 
will show the disposition of the mineral and the schist. Figs, 10-1 6 ; at 
the two extremities of the same crystal it is almost always different. Figs. 
12, 13, 16. These masses are also characterized by the interpenetration o( 
Mica. They are oflen partially decomposed. It has a very easy cleavage, 
parallel to the prism, which is very marked in the transparent varieties 
from Brazil, but less so in the opaque ones. It has two other cleavages 
less easy, parallel to the macro- and brachypinacoid. Fracture, unequal. 
"The fracture of the bacillary varieties is granular. It has a vitreous lus- 
tre which is quite apparent in the transparent varieties, but not so much 
fio in the opaque ones. It is often earthy. Transparent, translucent, 
opaque. Color, whitish, rose-red, flesh-red, violet, gray, reddish -brown, 
olive-green. The transparent varieties have a clear greenish color in one 
direction ; in the other by transmitted light it is dark blood-red. It thus 
presents the phenomenon of dichroism. The compact masses have 
Almost always a rosy tint. The starry varieties are whitish-gray or some- 
times reddish. Streak, colorless. Il.=7.5 in the transparent, and 3.1-3.2 
in the opaque varieties. G.=3.05-3.35. Composition, XI 63.2, Si 36.8. 
The earthy varieties of Audalusite. which are not pure, do not correspond 
perfectly to the formula ; they sometimes contain as high as 5-7^ of Pe, 
And a small quantity of Oa and Ag, which is sometimes substituted 
for the Xl with which it is isomorphous. It is this iron that gives the 
greenish tint to the crystals. 

Pyr. &c. B. P. Infusible. With cobalt solution, gives a blue 
color (Xl). With borax, usually reacts for iron. Not acted on by acids. 

The opaque and stony varieties are found in the metamorphic rocks 
roughly crystallized. They generally occur in groups of large crystals 
almost always covered with, or penetrated by Mica. This structure gives 
an apparently easy cleavage in certain directions. It is also frequently 
found in bacillary masses, composed of fibers placed together either 
parallel, or more rarely somewhat diverging from a common center. It 
may be confounded, when in bacillary masses, with certain red Tourma- 
lines ; the form of the crystal, however, is different. Tourmaline reacts 
for boracic acid, and Andalnsite does not. It can also be distinguished 
by its macles. The Mica, which is almost always found with it, may bp 
used as an empirical character. It might also be confounded with some 
varieties of Pyroxene, Wernerite, Spodumene or Feldspar; all of these 
are however fusible. It is found in most of the New England states and 
Pennsylvania. 

FORMULiE OF THE CRYSTALr 
PI IX. 

Fig. G. 00 P. OP. f 00. Fig. 7. oo P. foe. OP; the brachy- 
dome predominating. Fig. S. The combination /IV7. 0, with P oo. F^g, 9, 
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=00 P. CX>P2. OP. Poo. 2f 2. riff». 10-16. Sections of crystals 
•of Chiastolite^ showing the most usual markings. Fig. 12. Section 
£x)m opposite ends of the same crystal. Fiy. 13. The same. Fig. 15. 
Apparently a twin crystal. Fig. 16 shows the variation of the 
tnarkings in the successive portions of a single crystal. 

Fibrollte. £1 Si. Monoclinio. 
Stn. — ^Bucholzite, Sillimanite, Xenolite, Monrolite, Baralite, Faserkiesel. 

It crystallizes as an inclined rhombic prism of 90° to 98**. The crystals 
jure generally rough, so that the angle cannot be determined exactly. In 
the rough varieties the angles are large. The crystals are generally long, 
-slender, sometimes rounded and very much striated, and rarely terminated. 
It has an easy cleavage, parallel to the orthopinacoid. Fracture, uneven. 
Lustre, vitreous. Transparent, translucent, opaque. Color, brown, gray- 
ish-white or green. Streak, colorless. H.=6-7. G,= 3.2-3.3. Com- 
position, il 63.2, Si 36.8. The *1 may be replaced by 2 ^ of l?e or 0.8 ^ 
of Sg ; even fi is also present in very small proportions. 

Pyr. &c. B. P. Infusible. Not acted on by acids. 

The crystals are usually found imbedded in Gneiss or Mica Schist. As 
they we fibrous or very highly striated, they might be mistaken for varieties 
of the Amphibole group, but these are fusible while Fibrolite is not. It 
might be mistaken for Cyanite, but this shows flat crystals which are 
bluish and nearly rectangular, while Fibrolite is fibrous and rhombic in 
form. It is found in Must:achusetts, Connecticut, New York and Penn- 
■sylvania. 

Cjranlte. £1 Si. Trtclinic. 
SYN.--Kyanite, Disthen, Disthene, Rhsetizite. 

It crystallizes as a doubly inclined rhombic prism of 97°4'. Its angles 
Are 00 Poo A oof 00=106" 16', OP A 00 P 00= 100" 50', OP A 
00 f 00=93° 15'. Sometimes it is found in isolated bacillary crystals in 
the rock, which are easily distinguished by the characteristic bluish color. 
These crystals are generally the primitive form alone, or combined with the 
macro- andbrachypinacoidsand a hemi-clinodome. PI. IX. Figs. 17-20. 
Generally the mineral is found as lamellar masses, or as fibrous crystals joined 
together either parallel to each other or radiating from a common center. 
Hemitropes parallel to the vertical axis occur quite frequently, Fig. 20 The 
color of the masses is generally blue. It has three cleavages ; one very easy 
and the other two less so. The first of these cleavages parallel to the macro- 
■pinacoid, which is the one oftenest seen, gives a brilliant surface whicli is 
•polished and has a vitreous lustre. The second, parallel to the brachy- 
pinacoid is less brilliant and is less easily produced, but still quite pro- 
nounced ; it is smooth and brilUant with a vitreous lustre. The tliird, 
parallel to the base is more difficult, has no lustre and is tibrous. In this 
last cleavage there are so many striations, as to render the measurement 
of the angles very difficult. Lustre, vitreous or pearly. Transparent, 
translucent or opaque. Color, blue, white, or a combination of white and 
t)lue, gray, green, black. Streak, colorless. H.=5-7.25. G. =3.45-3.7. 
Composition, Xl 63.2, fli 36.8. Its hardness varies on the different faces. 

Pyr. &c* B« P. Infusible. The colored varieties become white. 
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With borax, it gives a colorless transparent bead. Not acted on by acids. 
White varieties are also found and are called Rhsetizite ; the blackish and 
yellowish colors are generally accidental, and are caused by organic mat- 
ter or iron. It can almost always be recognized by its crystalline forms^ 
and its association with Mica and Quartz, but it is especially characterized 
by its bluish color, whence the name Cyanite, from Kuanos^ blue. When 
blue and perfectly transparent, it is cut as a gem and used to imitate Sap- 
phire. It might sometimes resemble some of the varieties of Araphibole, 
but it can be easily distinguished from it by its infusibility. The colorless 
varieties might be mistaken for Diaspore, but Cyanite does not give off 
water when heated. Short crystals may sometimes resemble Staurolite ; 
they differ however, in their terminations and cleavage. It is found, 
abundantly in the U. S. White, blue and green varieties are found on 
New York Island. 

FORMULA OF THE CRYSTALS. 
PI IX. 

Fig. 17. OP. oo'P. 00 P'. 00 Poo; usual form, but the base i& 
rarely observed. Fig. 18. The preceding, with oo P oo. Fig. 19. The 
preceding, with 'P,oo. Fig. 20. Twin crystal. 

Topaz. '^ Si. Orthorhombio. 
Syn. — Topas, Topaze, Pycnite, Pyrophysalite, Physalite. 

It crystalhzes as a right rhombic prism of 124** 17'. There are three 
types which it usually takes, especially in the bluish varieties. The first 
type is shown in P/. IX. Figs. 21-23. They frequently however, have a 
much greater number of faces. These crystals appear to be rectangular, 
the angle between the brachydome being 92° 42'. In the yellow or slightly 
colored varieties which are found in Saxony, the faces of the brachydome 
are generally greatly developed, and replace the base completely, or 
almost completely. Figs. 24, 25. The last type is that of the orange 
varieties from Brazil, in which the pyramid replaces the base, PI, X. 
Fig. 2. Cleavage very easy, parallel to the base. On account of the 
cleavage it is rare to find perfect crystals. Fracture, conchoidal or uneven. 
Lustre, vitreous, bright but unequal on the different faces. The vertical 
faces are genernlly striated and dull. Transparent, translucent, opaque. 
Color, blue, green, yellow, orange-yellow, red and colorless. The colors 
vary with the locality and crystalline form, and appear to be generally 
owing to organic substances. Streak, colorless. H.=8. 0,=3.4-3.65. 
Composition, Si 15.17, Al 29.58, 34.67, Fl 28 58; one-fifth of the 
oxygen of §i is replaced by Fl. 

Pyr. &c. B. P. Infusible. The yellow varieties when heated 
take a pmk or red color, and are then known as burnt Topaz. If the 
heating is continued, it becomes colorless. Partially attacked by S. 

Nebular masses are often distinguished in Topaz. On examining them 
with a glass they are found to be made up of very small cavities, which 
are often quite regular and seem to have the shape of a crystal of Topaz. 
Th(!sc cavities usually contain a drop of liquid, which generally shows a 
little bubble of gas. These cavities have been found large enough to 
admit of the chemical examination of the liquid, which was found to be 
one of the hydrocarbons. This liquid is extraordinarily volatile. If the 
crystal is heated to 20** or 30" C. the liquid is volatilized, which* with the 
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change of color, would appear to show that the mineral was formed at a 
low temperature. In the very rare cases in which it has been possible 
to examine it, it has been found to be a hydrocarbon which must have 
been liquified under an enormous pressure. In the colored varieties of 
Topaz the color in not only variable, but the shades of color are often 
arranged in zones which are sometimes concentric. In some of the 
streams of Brazil, pebbles of Topaz which are perfectly colorless are 
found These varieties are often called Water Drops. Their hardness 
might cause them to be confounded with Quartz or Beryl, but their 
density is quite different That of Topaz is 3.5, while that of Quartz and 
Beryl is about 2.5. The cleavage is also different, being very easy in 
the direction of the base, which would easily distinguish it from Quartz. 
The varieties called Water Drops (gouttes cPeau) are frequently used to 
imitate the Diamond ; they have very much less fire and possess double 
refi*action, while the Diamond is only simple. The earthy variety of 
Topaz is known under the name of Pycnite. It is found in a rock associa- 
ted with Mica. The general appearance of this rock is usually very char- 
acteristic. The Mica is almost always of a dark color, and the Topaz is 
in baguettes placed together in parallel lines and separated by Mica. These 
baguettes can thus be very easily separated the one from the other by a 
stroke of the hammer, and show the peculiar cleavage of Topaz. The 
color of this variety is always yellow and slightly greenish, and is not 
liable to be mistaken for anything else. In Sweden, large crystals of 
earthy Topaz have been found analogous to Beryl. These varieties are 
called Pyrophysalite. The difference in the ease of cleavage and in 
density will readily distinguish them. It is eayily distinguished from 
other minerals which it resembles by the great ease and brilliancy of its 
cleavage. It is found in the U. S., at Trumbull, Ct., in N. Carolina and in 
Utah. 

F0RMUL2EE OF THE CRYSTALS. 

Fl IX. 
Mg. 21. 00 P. oof 2. OP. 2foo. fP. tP2; from Saxony. 

Mg. 22, ooP. oof 2. oof 3. OP. 2 f oo. 4foo. fP. Fif/, 23. 

ooP. oof 2. OP. tP. P. 2 P. Fig. 24. oo P. oof 2. 

2 f 00. P. Fig. 25. The preceding, with P. PL X Fig. 1. oo P. 

oof 2. P. IP 2. 2f 00. Fig. 2. ooP. oof 2. P; from Brazil. 

Fig. 3. ocP. oof2. oo f oo. OP. P. fP. |f2. 4foo. 

|Poo. 

Endase. (j S' + f ]6e' + f XI) Si MoNOf linic. 

Syn. — Euklas. 

It crystallizes as an inclined rhombic prism of 115*. Its ordinary form 
is the prism with clino- and oithopinacoids ; the prism is generally termina- 
ted by a clinopyramid which is very much inclined, so that the crystal is ter- 
minated by two very sharp points, PI X. Figs. 4,5. The crystals are also 
often striated in the direction of their lengtli. It has a very easy cleavage 
parallel to the c?inopinacoid ; on account of the great ease with which this 
cleavage is produced, it is very difficult to find perfect crystals. Fracture^ 
conchoidal. Lustre, vitreous and somewhat pearly on the cleavage facesL 
It is always transparent. Color, greenish-blue, yellow and colorless ; the 
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coloi is not always the same at the two extremities of the crystal. Streak; 
colorless. Very brittle. H.=7.5. O. =3.098. Composition, fie 17.4^ 
]&1 35.3, Si 41.1, fi 6.2. Fl is present in variable proportions. It appears 
to replace the oxygen, so that it is impossible to refer this mineral to any 
very well-defined formula. Otherwise it very much resembles the com- 
position of Phenacite. 

Pyr. dtc. B. P. In a closed tube yields water; fuses, with intum- 
escence, at 5.5. Not acted on by acids. 

The gangue of Euclase appears to be massive Hematite, but it is rarely 
found in place. As yet it has only been found in Brazil in the same locali- 
ties as Diamond. It is sometimes used by jewelers on account of its very 
great lustre. It is too brittle however, to be much used as an oman:>ent. 
It is a very rare mineral and has only been found in the Urals and BraziL 

FORMULJI OF THE CRYSTALS. 
PIX, 

Fig. 4. OOP. ooP2. ooPoo. ootoo. f tf. too. -P2. 
-P. Fig, 5. The same crystal in a different position. 

Datollte. (Oa*, 1^', B) Si. Monoolinio. 

Syn. — Datholite, Botryolite, Humboldtite. 

It crystallizes in an inclined rhombic prism of 115° 3'. It is very near a 
right rhombic prism however, the angle between the base and the prism bein^ 
90° 5' only. Its ordinary crystalline forms are shown in PI X. Figs. 6-8. 
The faces are generally striated in the direction of their length. Clea- 
vage easy, parallel to the base. The fracture of Datolite is conchoidal and 
smooth, and at the same time lamellar and scaly. On the lamellar frac- 
ture the lustre is very vitreous and bright, and sometimes even pearly. 
Tiie crystals often show mirrors. On the conchoidal fracture the lustre is 
generally resinous, but is sometimes also vitreous and bright. Transpar- 
ent, translucent, opaque. On the natural faces the lustre is vitreous and 
very bright. Color, c>lightly green or white, grayish, yellow and amethyst- 
ine. Streak, white. Brittle. H.=5-5.5. O. =2.8-3. Composition, 
Ca 35.0, n 5.6, B 21.9, Si 37.5. 

Pyr. dtc. B. P. In the flame without the aid of a blowpipe, the 
transparent varieties become opaque, friable and lose water. Fuses, 
with intumescence, at 2 to a clear bead, which colors the flame green on 
account of B ; this is especially apparent with bisulphate of potash and 
Fluorite or Glycerine, (relatinize^ with acids. 

A mineral, the composition of which is almost the same as Datolite and 
v/hich has been called Botryolite, is usually placed with Datohte. It is 
not crystallized, but is found in httle spheroidal concretions. The white 
compact variety is found at Lake Superior associated with Copper. It 
was t'orrnerly found in great abundance at Bergen Hill, N J. It is also 
founil jit Lake Superior. Until these discoveries were made the mineral 
was excecMlingly rare. 

FORMULA OF THE CRYSTALa 
PL X. 

Fi(/. 0. ooP. ooi^2. OP. 2 P. -2 Poo. 2 P oo. -2t2. 
Fig. 7. 00 P. 00 Poo. OP. -4 P. 2 P. fP. |P. -2Poo. 
fPoo. 2 Poo. 4Poo. Fig. 8. oo P. ooPoo. OP. | P. P. J P, 
2P. -4P. -8P2. -2Poo. -6Poo. -6P3. 2Poc. 4Poa 
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TItanlte. (Ca-t-Ti) Si. Monooltnio. 
Sys. — Sphene, Greenovite, Spinthdre, Semeline, Castellite, Le(ierite,Pictite. 

It crystallizes in an inclined rhombic prism of llS'' 31'. The lighl- 
-colored varieties have generally two types, PI. X. Mgs. 9, 10. The 
■crystals are often very flat in the direction of the vertical axis. These 
•crystals are usually very small and detached, and their color may vary 
from white to brown. The central part of the crystal is usually of a 
clearer color than the rest. Other varieties, usually of a honey-yellow 
<5olor, are generally lengthened in the direction of the orthodi agonal and 
have fewer modifications, Mg. 14. The acute angles are usually of 
•darker color than the rest of the crystal. This form is susceptible of a 
very remarkable made around the face of the orthopinacoid giving rise 
to a very deep reentrant angle which is characteristic of this variety. A 
twin by interpenetration also occurs frequently. Fig. 15. The color of 
this variety is mixed and variable. The varieties which are of a dark 
maroon-brown have a type, Fig. 11, which is very different from the pre- 
ceding. They are usually flattened crystals disseminated in a mass of 
-Quartz, Scapolite or other minerals. This form sometimes becomes a 
flattened pyramid. This variety of Titanite might be confounded with 
"Zircon or Ganiet. The rose varieties are called Greenovite and have a 
much more resinous lustre. Fig. 12. The color is somewhat inclined to 
violet It is found in lamellie and its color is owing to manganese. This 
variety is quite rare and is only found in manganese mines, often associated 
with violet Epidote and other oxides of manganese. The crystals of Tita- 
nite are often hemimorphic. It has a cleavage more or less easy, parallel to 
the prism and another less so parallel to the orthopinacoid. Fracture, 
imperfectly conchoidal or uneven. Lustre, resinous and sometimes very 
bright, almost adamantine, ei^cept in the rose variety which is only resin- 
ous. Transparent, translucent, opaque. Color, nearly white, black, 
greenish-yellow, orange-yellow, and all the shades of green and brown, 
maroon and rose. Streak, white, reddish in Greenovite. H,=5-5.5. 
0.=3.4-3.56. Composition, Ca 21-28, Ti 33-43, Si 30-35. The rela- 
tion of the ]ft, fi and Si is 1 : 2 : 2. It will be seen that the tt+K=fi, or 
that the formula might be written S Si. The relation would then be 3 : 2. 
The Ca may be replaced by Mg or t^e. 

Pyp, dtc. B, I*. The transparent varieties are fusible with diffi- 
culty ; the dark colored ones change color, becoming yellow, and fuse at 
3, with intumescence. Gives reactions forTi. Decomposed by § and HFl. 

It is sometimes found in brown crystalline masses which show an 
apparently rhombohedral cleavage. Titanite occurs in Syenite, Gneiss, 
Mica, Slates and limestones and sometimes in volcanic rocks associated 
with Pyroxene, Hornblende and Nephelite. It is found in very large 
<5rystaLs at Natural Bridge and elsewhere in New York. Also in Maine, 
Massachusetts, New Jersey and Pennsylvania. 

FORMULA OF THE CRYSTALS. 
PLX. 

Fig, 9. 00 P. ooPcx). 2 P. Poo. -5 Poo; form of Spinthere. 
Fig. 10. 00 P. 00 Poo. 2 P. P ; form of Semeline. ii^. 11. 2 P. 
OP. 00 Poo. Fig. 12. 2 P. -2 P. -4 P. ^ P oo ; Greenovite. Fig. 13. 
ooP. ooPoc. OP. 2 P. -2P; Lederite. Mg. 14. ooP. Poo. 
^ P 00. P ; a very frequent form. Fig. 15. Twin crystal by interpene- 
xration parallel to P. 
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StHurolile. (K? S+f Ag+i t'ay+t *!)* Si*. OuinoRiioMMa 

Syn. — Staurotide. 

It crystallizes as a right rhombic prism of 129° 20' ; the crystals are 
sometimes simple, PL X. Figs. 16-18. It is more frequently macle(S 
ill the shape of a greek or St. Andrew's cross, Fig. 19, 20, and PL XL 
Figs. 1, 2. When they are at right angles, the (Crystals are placed together 
by the faces | f oo, so that the faces of the brachypinacoid are almost at 
right angles with each other; this is the most frequent form, Fig. 20. 
When the nwcle is inclined, the axes intersect at an oblique angle, Fig^ 
19 and PI. XL Fig. 2. Even the crystals which appear simple, are- 
usually macled, as shown in Fig. 3. It has a cleavage parallel to the- 
brachypinacoid. Its fracture is conchoidal and unequal, sometimes- 
lamellar when the cleavage is distinct Lustre, vitreous, resinous when- 
not altered, otherwise earthy. Translucent, opaque. Color, dark reddish- 
brown, brownish-black or yellowish-brown. Streak, colorless or grayish. 
It shows a remarkable dichroism. The brown transparent varieties- 
appear blood-red bv transmitted light H.=7-7.5. 0,=3.4-3.8. Com- 
position, fl 1.7, Mg 2 5, ^e 15.8, *1 51.7, Si 28.3. A variety from Swe- 
den shows 11.01 ^ of Mn. 

Pyr. Ac. B. P. Infusible. The dark varieties become fritted 
in the R. F. and sometimes give a magnetic globule. The manganesiaa 
varieties fuse easily to a magnetic mass. With borax, the reactions for 
iron are shown, insoluble in most acids. Imperfectly acted on by S. 

It is frequently found associated with Cyanite. At St Gothard the two* 
minerals are almost always found together. It is usually easily distin- 
guished by its color, form, and association with Cyanite. It is found 
abundantly in the U. S. 

FORMULiB OF THE CRYSTALS. 
PI X. 

Fig. 16. 00 P. 00 Poo. OP; primitive form. FHg. 17. The prece- 
ding, with P 00. Fig. 18. The same, but with co f co predominating. 
Fig. 19. Oblique twin crystal. Fig. 20. Twin crystal; composition- 
face ffoo. PI XL Fig. 1. The same as the preceding. Fig. 2» 
Oblique twin crystal. Fig. 3. Section of a crystal showing the strift* 
tions from twinning. 

HYDROUS SILIOATES. 

I. Bisilicates. 

PECTOIilTE GROUP. 

Pectollte. (I fl+t Sfa-i-f Ca) Si. MoNOOLiNia 

Syn.— Pektolith. 

It crystallizes in an inclined rhombic prism, and is isomorphous with 
WoUastonite. Distinct crystals are rarely found. It is almost always in 
columnar or fibrous masses, which are divergent. The fibers are some- 
times 5-6 c. m. in length, and are often in very sharp crystals easily de- 
tached. It has an easy cleavage parallel to the orthopinacoid. Lustre^ 
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vitreotis or silky. Transparent, opaque. Color, white, gray, or brown 
when altered. Streak, colorless. Tough. H.=5. O. =2.68-2.78. 
Oomposition, S 2.7, ifTa 9.3. Oa 33.8, Si 54.2. 

Pyr. dtc, B. P. In a closed tube yields water. Fuses at 2 to a 
"white enamel. Gelatinizes with acids. Sometiiries phosphoresces. 

It is generally found in trap rock, in cavities and thin seams. A white, 
compact variety is found at Lake Superior. It resembles Tremolite, but 
is distinguished by gelatinizing with acids. It can be distinguished from 
Natrolite by its mode of occurrence. The compact varieties resemble 
WoUastonite ; the presence of ;^a, Xl and fl distinguishes it. It has been 
found in beautiful radiated masses at Bergen Hill, N. J. 

Laumontlte. (i Ca'+f Xl) Si'H-3 fl. Monoolinic. 

Syn. — Laumonit e. 

It crystallizes as an inclined rhombic prism of 86* 16'. It has a clea- 
vage parallel to the clinopinacoid and another parallel to the prism. 
The usual forms are given in PI. XI. Figs. 4, 5, 6. The 
crystals are rarely complete; they are generally broken, or simply 
baguettes without definite form. Fracture, uneven. Lustre, vitreous, or 
pearly. Transparent, translucent, opaque. Becomes opaque from loss of 
water. Color, white, somewhat red or yellow. Streak, colorless. All of 
its external characters are however variable as the mineral is generally 
more or less decomposed by loss of water. H,= 3.5-4. 0,= 2.25-2.36. 
Composition, Oa 11.9, *1 21.9, Si 50.9, S 15.3. The fl may vary. It is 
:alway8 lost by exposure to the air, so that the substance falls to pieces and 
•can only be preserved under water or coated with gum. 

Pyr. dte, B. P. Swells and melts at 2.7-3 to a white enamel 
Oelatinizes with acids. 

It is usually found associated with Calcite and Quartz. It occurs at 
Bergen Hill, N. J., and is found abundantly at Lake Superior and 
elsewhere. 

FORMULA OF THE CRYSTALS. 

PI XI. 
Fig. 4. 00 P. 2 Poo; the most usual form. Fig. 5. ooP. ooPoo. 
2Poo. 6Poo. -2Poo. -P. Fig. 6. ooP. ooPoo. 2Poo. QP. 
i^. -P. 

DIOPTASE GROUP. 

Dlopta§e. Ou Si+S. Hexagonal. 

Syn. — Achirite. 

The primitive form is a rhombohedron of 120° 24', but it is found as an 
iiexagonal prism terminated by one or more rhombohedra, PI XI. 
Figs. 7, 8. It has an easy cleavage parallel to the rhombohedron, 
fracture, conchoidal or uneven. Lustre, vitreous. Color, emerald-green, 
-which is sometimes bluish. Streak, green. H.=5. O. =3.278-3.48. 
Composition, Cu 50.4, Si 38.2, fi 11.4. 

Pyr, Ac. B. P, Decrepitates, loses water, becomes blackened 
And gives a half-melted scoria. In the R. F. with Soda, gives a globule of 
copper. Soluble in ammonia. Gelatinizes with acids. 
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On account of its color it might be mistaken for Emerald ; it is however 
easily distinguished by its hardness and blowpipe reactions. 
It is found in the Steppes of Siberia and is a very rare mineral. 

FORMULA OF THE CRYSTALS. 

PI XL 
Fig,1, 00 P 2. — 2 R; the most usual form. -F%r. 8. ooP2. — 2IL 
— y R y . — 2 R ^ ; the last two forms are hemi-scalenohedraL 

Clirjrsocolla. Cu Si+2 S. 

Syn. — Kupfergrun, Kieselkupfer, Kieselmalachit, Eupferblau, 

Cuivre hydrate silicifere. 

It is amorphous and has a composition varying around the formiJa^ 
Fracture, smooth and conchoidal. Lustre, resinous, vitreous, shining,, 
earthy. Translucent, opaque. Color, bluish-green, sky-blue or turquoise- 
blue; sometimes brown or black, when impure. Streak, when pure, 
white, H.=2-4. 0.=2-2.38. Composition, Cu 45.3, fi 20.5, Si 34.2. 

Pyr, Ac, B. P. In a closed tube, blackens and gives off water. 
Decrepitates and colors the flame green, but is infusible. With fluxes, re- 
acts for copper. Soluble in acids without gelatinizing. 

The resinous fracture makes it resemble the resinous varieties of Quartss^ 
and Feldspar, but these substances rarely have blue colors. ChrysocoUa is 
distinguished from them by being soluble in acids, and many varieties 
even in ammonia, giving the characteristic colors of copper. The blow- 
pipe also shows copper. It is sometimes found in large masses with other 
ores, especially in the upper parts of veins, but it is rarely rich in copper ;, 
when pure it contains about 30^ and is a valuable ore of copper. 

II. IJnisilicates. 

CALAMINE GROUP. 

Calamine. 2n' Si-i-lS. Orthorhombio.. 

Syn.— Electric Calamine, Hemimorphite, Galmei, Zinksilicat^ Eiesel- 

zinkerz, Zinc silicate. 

It crystallizes as a right rhombic prism of 104° 13', with an easy 
cleavage parallel to the prism, and a less easy one parallel to the base. 
The simple crystals are usually short and thick, and show a great want of 
symmetry, PI. XL Figs. 9-17. It is quite easy to distinguish Cala- 
mine from Willemite, because the terminal modifications are arranged by 
2 and 4 and not by 3 and 6. It is usually hemimorphic. Crystals which- 
are thin, parallel to the brachypinacoid are also found, which sometimes 
become real lamellae, having a silky lustre and filled with little open 
spaces in every direction. Fig. 11. Twin crystals, joined together on 
the base also occur. Fig. 18. Fracture, sometimes lamellar, sometimes 
uneven or conchoidal. The transparent crystals have usually a vitreous 
lustre, which is sometimes adamantine. On the base it is pearly. Some- 
times, on account of impure reflections, it appears silky. Transparent^ 
translucent, opaque. When crystallized, it is almost always colorless and 
transparent. When concretionary, it is yellow, and sometimes blue or 
5;reen when mixed with salts of copper. Streak, white. When heated, 
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it becomes electric, which gave it the name of Electric Calamine. Its 
forms are hemihedral, with inclined faces, as is usual with crystals which 
become electric. H, =4.5-5. O. =3.16-3.9. Composition, Za 67.5, 
fl 7.5, Si 25. 

Pyp, dtc, B. P. Heated in a tube, decrepitates and gives oflf water 
and becomes milky-white. Fuses at 6. Gives a green color with nitrate 
of cobalt With soda on Ch., a coatmg is formed, which is yellow while 
hot and white when cold. Gelatinizes with acids. 

It is found as crystalline incrustations and also conoietionary in little 
mamelons covered with crystals, showing concentric Ijands of different 
colors. The fracture of these masses is fibrous which distinguishes them 
from the carbonate (Smithsonite), which is scaly. It is found compact and is 
then distinguished from the carbonate by its hardness. Its fracture is rough. 
Its color is then whitish, sometimes yellow or brown when it is impure, 
and it is filled with cavities which contain crystals of Calamine, Willemite 
or Smithsofiite. It is sometimes called Electric Calamine. The name 
Calamine is sometimes wrongly given to carbonate of zinc, which is 
Smithsonite. It was changed for no good reason and tends to create 
confusion. It is, however, the industrial name in many districts and it is 
frequently impossible to know without trial what the ore is, though the 
distinction Electric Calamine for the silicate and simply Calamine for the 
carbonate is made. 

The lamellar variety resembles Stilbite. Its want of fusibility, gelatini- 
zing with acids, and the coat given off before the blowpipe distinguish it 
It is also electric when heated. It is sufficient to heat it, and to bring it 
near a light body to show its repelling action. It is easily distinguished 
from Smithsonite by its action with acids ; by its infusibility, from ores of 
lead ; and from certain Chalcedonies which it resembles, by its inferior 
hardness and gelatinizing with acids. Calamine is a valuable ore of zinc. 
It is found abundantly in Pennsylvania, Virginia and Vlissouri. 

FORMULA OF THE CRYSTALS. 

PI XI. 
Fig, 9. oof 00. ooP. OP. 3 P oo ; below, 2 P 2. F/V/. 10. The 
preceding, with 3 f oo. Fig. 11. ootoo. ooP. 3Poc. Poo; below, 
2f2. Fig, 12. oofoo. ooP. 3 Poo. Pec. OP; below, 2^2. 
i?V. 13. oof 00. 00 P. Poo. P ; below, 2 P 2. Mi/. U. oo too. 
OOP. foo. .^Poo. Poo; below, 2f 2 and Poo. %. lo. oo P oo. 
oof 00. 00 P. 3Poo. 3foo. Poo. Poo. OP; below, 2P 2. 
Fig, 16. The preceding, with 2 f 2, 2P2 and 4f4 above. Fig. 17. 
OoPoo. oof 00. 00 P. oof 5. 7foo. 2P2. 4P*; below, 2P2. 
Fig. 18. Twin crystal ; composition-face P. The two crystals are 
joined together by the lower extremities. 

Prehnlte. (^ fl»+f Ca+f *1)« Si'. Okthoriiombic. 

Stn. — Koupholite, Chrysolite du Cap. 

It crystallizes in the right rhombic prism of 99"* 56', with an easy cleav- 
age parallel to the base, which is perhaps less a cleavage than a tendency 
of composite crystals to separate, as the apparently simj)le crystals ar« 
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often made up of others. It is sometimes found as simple crystals, PI. XI. 
Figs. 19. 20, which are usually very small, only slightly colored and which 
might bp mistaken for G-ypsum, but they are very much harder. This 
variety which is called Koupholite, is usually associated with Asbestus and 
Epidote. Another form resembles Barite, but is distinguished with a little 
^tt€ntion, as all its characters are different. The simple forms of 
t*rehnite. Mgs. 19-22, are rare; it is almost always found in complex 
crystals. Sometimes single crystals are placed together by their bases, 
Dut not exactly parallel the one to the other, so that while the prismatic 
faces are straight the bases are curved. At other times the crystals are 
fan-shaped, placed together parallel to the brachypinacoid. Very large 
masses are sometimes formed in this way. It is also found in mamelona- 
ted masses showing the* ends of crystals. The fracture of these masses is 
fibrous and diverging. They are easily recognized by their greenish color, 
their semi- transparency and their resinous appearance. Fracture, unequal, 
often fibrous, sometimes scaly. It has a vitreous lustre, which is often 
resinous; pearly on the base. Transparent, translucent. Color, yellow- 
ish-green passing to white or gray, often faded from exposure. Streak, 
colorless. Pyroelectric. H,=6-6.5. 0,=2.8-2.95. Composition, Ca 
27.1, S 4.4 XI 24.9, Si 43.6. 

Pyr, dtc, B. P. In a closed tube, gives off water and becomes 
white. Fuses at 2, with intumescence, to a blebby glass. Some varieties 
blacken and give an organic odor. With acids, it is decomposed without 
gelatinizing. 

It is usually found with the ZeoUtes, but does not belong to that fami- 
ly. It sometimes resembles Beryl, green Quartz and Chalcedony. It is 
distinguished by its fusibility and solubility. It is much harder than any 
of the Zeolite family. It is sometimes polished and used for ornamental 
work and is found in many localities of the U. S. 

FORMULA OF THE CRYSTALS. 
PI XI. 

Fig. 19. OP. 00 P. Fig. 20. OP. oo f oo. oo P. Fig. 21. oo P. 
OP. oof 00. 3f 00. Fig. 22. ooP. OP. ooPoo. P. f Poo. 

€hlora§trollte. (Ca", tfa.y Si»+2 (*1, 9ey gi»+6 S. 

It is never crystallized, but is found in radiated, globular masses, 
sometimes in a gangue of sandstone, but generally detached from it in 
the sand. Fracture, uneven. Lustre, vitreous or pearly. Opaque. 
Color, light bluish-green, showing different shades in rings. Slightly 
chatoyant on the fracture. H, =5.5-6. 0.=3.18. Composition, 
STa 5.2, Oa 18.7, Pe 6.4, XI 24.6, Si 37.0, fi 7.5. 

Pyr, Ac. B. P. In a closed tube, gives off water and becomes 
white. Fuses easily, with intumescence, to a grayish glass. Reacts witli 
fluxes for iron and alumina. Soluble in acids, with separation of' floe cu- 
lent silica. 

It is found only on the shores of Lake Superior. 

APOPHYIililTE GROUP. 

Apophylllte. (i S+i (J & + 1 Ca))' Si+S Si. Tetragonal. 

Syn. — Ichthyopthalmite, Albine. 
It occurs in several different types of crystals, PI. XI. Figs. 23-25 
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jmtl PL XII. Mgs. 1-5. The prism of the second order, with or with- 
out the pyramid of the first order, and the base, PL XI. Figs. 23, 24, 
is found. This form is sometimes so much flattened as to resemble a cube, 
but the vertical faces are always striated and the base pearly. The prism 
is often surmounted by the pyramid ot the first order, which has a 
•vitreous lustre, while the prism is striated and curved, Fig. 25 and 
PL XII. Figs. 1, 2. Sometimes the pyramid alone is found, Fig, 3. 
These crystals are usually more or less broken, on account of the cleavage, 
^iid show the usual pearly lustre of the base. The next variety is very 
-niuch flattened, the base predominating, Fig. 4 ; or the pyramid has 
almost obliterated the faces of the prism, Fig. 5. These forms might be 
mistaken for Barite, but the cleavage will distinguish it. It has a very 
-easy cleavage parallel to the base, and a less distinct one parallel to the 
prism. Lustre, pearly on the base and on the cleavage parallel to it ; on the 
■other faces it is vitreous. It is almost always transparent, or at least 
translucent. It sometimes has an earthy appearance, owing to com- 
inencement of decomposition. Often colorless, sometimes sHghtly yel- 
lowish, greenish, bluish or flesh-red. In the Hartz Mts. and in India, 
^ rose variety is found, which is very much esteemed. At Bergen Hill, 
2Sr. J., large white and transparent crystals were found. A white, opaque 
variety from Bohemia is called Albine, Fig. 2. The translucent, lamellar 
•varieties having the lustre of a fish's eye are called Icthyopthalmite. 
Streak, colorless. H, =4.5-5. O, =2.3-2.4. Composition, fi 16.7, 
i 4.8, Ca 23, Si 55.5. 

Pjrr, dtc, fil. P* In a closed tube, it exfoliates, loses water 
•which is acid, and becomes white. Fuses at 1.5, giving at fiirst a blebby 
--glass, but afterwards a vitreous globule. Reacts for fluorine. Soluble Ie 
-acids, giving slimy silica. 

It is also frequently found in imperfectly crystalline, lamellar masses, 
xdade up of a large number of crystals wedged together, thus making a 
very fragile mass. These varieties usually have an earthy aspect ; they 
-are whitish or bluish and sometimes rosy. This opacity is owing to com- 
mencement of decomposition, the mineral having lost part of its water. 
It is easily distinguished by its lustre, cleavage and hardness. It might be 
mistaken for Barite or Oelestite, but the hardness and peculiar lustre, 
•density and action of acids distinguish it. Very large crystals have been 
found at Bergen Hill, N. J. Some of these have been altered to Pecto- 
.lite. 

FORMULA OF THE CRYSTALS. 

PL XL 
Ilg. 23. 00 Poo. OP. Fig. 24. ooPoo. P. OP. Mg, 25. 
00 Poo. P. PL XII. Fig, I. ooPoo. ooP2. P. Fig, 2. P. 
<»Poo. OP. Fig. 3. P. Mg, 4. OP. ooPoo. P. Fig, 5. The 
^preceding, with P further developed. 

ZEOIilTE SECTION. 

A certain number of the hydrous silicates, which generally contain 
♦for "k the alkahes and Ca, and for fi, XI, have been placed together and 
-called the Zeolite Group. The greater part of them have a composition 
which is almost identical. They are however distinct in crystalline form 
^nd present sufficient variation in the chemical composition to be regard- 
ed as species and not as varieties. They are all, or nearly all, found 
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under the same circumstances and many of them together, and tsfeil^ 
associated on the same specimen. Their physical characters are also 
frequency very much alike. To be able to determine all of them requires 
practice. They can generally, however, be distinguished by their crystal- 
fine form and by a few tests. They are usually found in the amygdaloidal 
rocks. These are rocks of volcanic origin, having a large number of 
bases in their composition, and are filled with cavities in which the 
ZeoUtes are found lining the sides. They also occur in veins, serving as- 
the vein-rock for metallic minerals. The formation of these Zeolites is 
posterior to the formation of the rock, which contains them. They owe 
their formation probably to the infiltration of water charged with silica,, 
in which the difierent bases were dissolved. These waters were probably 
under great pressure or at a high temperature and, finding cavities where - 
they could penetrate, deposited crystals of the different Zeolites, accordingly 
as one base or the other was present in the right proportion. Some of 
them have been artificially formed. Wohler has reproduced some by- 
keeping water, charged with the powder of the mineral, for a long time 
at a temperature of 200° C. At Plombieres, Daubry found the Zeolites in- 
line very act of formation. The Romans were in the habit of using the- 
thermal springs that are found there and had constructed different works- 
of art for their use and preservation. The masonry, like all that of this 
epoch, was made of concrete and of bricks, and the waters of these thermal 
springs contain silica. The works of the Romans are now abandoned, 
but the water still flows through them to a certain extent and deposits 
Zeolites on the sides and in the cavities. It is remarkable that the- 
minerals differ in their composition, according to the part of the masonry 
where they are deposited. Thus in the concrete, Apophyllite, which 
contains Ca, is always found. In the bricks, however, it is Stilbite 
which forms, as this contains principally XI. The group of the Zeolites 
contains a large number of species ; some of them are very rare, and 
others are not very well defined and may be only varieties of the species* 
We shall therefore not mention all of them but only such as are wel* 
defined and are most generally found. 

I. Unisilicates. 
Natrolite. Sfa i^l, 3 Si, 2 IS. Orthorhombio. 

Syn. — Natrolith, Spreustein, Natron-Mesotype. 

It crystallizes in a right rhombic prism of 91", and has a cleavage 
parallel to the prism. It is almost always crystallized. Its usual form is 
the prism surmounted by the pyramid, PI. XII. Figs 6, 7. Thia 
pyramid is easily distinguished from that of Apophyllite, as it is very 
much flatter. It is rarely ever found in large crystals; they are j^enerally 
acicular. It is usually found in the Phonolites and Amygdaloifls, and at 
Bergen Hill, in Greenstone. It may be associated witii Fluorite, Calcite 
and Wavellite. Its fracture is conchoidal and uneven ; sometimes fibrous,, 
in which case the crystals are placed together in the direction of their 
length. Transparent, translucent. Its lustre is vitreous, sometimes- 
pearly in the fibrous varieties. Color, white or colorless, sometimes red- 
dish, grayish or yellowish. Streak, colorless. H, =5-5.5. G.=2.17- 
2.25. Composition, iffa 16.3, XI 27, Si 47.2, H 9.5. The oxygen ratio i». 
1 : 3 : 6 : 2. The J^a is sometimes associated with Ca. 
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^>T. Ac* B* P. Loses its water at 240*^0. and whitens, becoming 
opaque. Puses at 2 to a colorless glass. It is fusible in the flame of a 
^i . G^elatinizes with acids. 

Besides the well crystallized varieties, it is also found in fibrous masses, 

J*<3e up of a large number of crystals placed together, and radiating 

""oni a center. Sometimes these radiations show the pyramid, an<f 

^nietiroes they are penetrated by crystals, which have formed on the- 

other side of the rock in the same way. These masses of Natrolite often 

©semble those of Stilbite, but the latter are always lamellar, on account 

^ an easy cleavage parallel to the brachypinacoid. As this cleavage i» 

^^ found in Natrolite, the fracture is simply fibrous, and the lustre of 

^ atrolite is not so uniformly pearly like that of Stilbite. One of the- 

^^'^^ties of Natrolite has a very peculiar color. It is made up of radiated 

,^''®s, which are generally in the shape of spheres that show concentric- 

^ S^ of red, white and yellow. It has been found in fine crystals att 

^S"^ii HiD, N. J. and iu Lake Superior. 

FORMULA OF THE 0RY8TAL8. 

Fixn. 

.6. 00 P. P. Fig. 7. ooP. oofoo. P. 

II. Bisilicates. 

Analclte.* Sfa, £1, 4 Si, 2 'S.. Isometrio. 

Stn. — Analcime, Analzim, Kuboit. 

t^^^- crystallizes in the isometric system, with traces of cleavage parallel to» 
^^ -^^ "^^EMjes of the cube. It is found in two different associations. In lavas- 
n^^^^ veins it occurs as the tetragonal trisoctahedron 2 02, PI. XII. Mg. 8. 
^^ ^^ crystals are usually quite small, brilliant and transparent, with a 
^^^^\dedly vitreous lustre. In veins and in amygdaloidal rocks it has the- 
'j^_^^e form, but the crystals are much larger, milk-white and opalescent or 
\ ^^. They are usually opaque, though sometimes translucent and the 
,^^tre is much less decided than in the volcanic variety. In modem lavas 
^^^ cube predominates and the angles are only truncated with the- 
^^tragonal trisoctahedron. Fig. 9. These crystals are rarely ever large ;. 
^*iey are sometimes transparent and line the sides of cavities. Its frac- 
t.nre is conchoidal, unequal and undulated. Lustre, vitreous. Transparent,, 
translucent, opaque. It is generally white, often perfectly clear, some- 
times gray, greenish, yellowish or reddish. Streak, white. H,=5-5.5» 
G.=2.22-2.29. Composition, :&a 14.1, XI 23.3, Si 54.4. fl 8.2. 

Pyr. Ac B. P. Heated in a tube, it loses water and becomes 
opaque. Fuses at 2.5 to a colorless glass. Gelatinizes with acids. 

It is sometimes found compact in red or white masses and is then diffi- 
cult to determine. The form is the same as that of Leucite ; it is easily 
distinguished however hy the action of acids and by the blowpipe. From 
Quartz it is distinguished by its hardness; from Chabazite, by fusing with- 
out intumescence, and by its form. It is found at Bergen Hill, N. J, asso- 
ciated with Natrolite, Stilbite, ApophyUite and Datolite; and at Laka 
Superior, associated with Copper. 

FORMULiB OF THE CRYSTALS. 
PI XIL 

Fig. 8. 2 02; characteristic form. Fig. 9. oo oo. 202. 

* Schrauf rtetermines Analclte to be tetragonal on account of the planes of twinning; 
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Chabaxite. (J Oa+ J (l5^a, ft)), XI, 4 Si, 6 S. Hexagonal. 

Syn. — ^Acadialite, Haydenite, Ghabasit, Phakolith, Chabasie. 

It crystallizes in rhombohedra of 94* 46, which very much resemble 
cubes, Pi XII. Fig, 10. It has traces of cleavage parallel to the faces 
of the rhombohedron. The crystals are often simply rhombohedra, with- 
out modifications and might be mistaken for cubes as the angle is 94°, 
but they are easily distinguished by the disposition of the striations. 
Although /the crystals are simple, there is a tendency towards modifica- 
tions on the t-erminal edges, so as to form a rhombohedron tangent to the 
primitive form, Fig. 11. This tendency shows itself by striations parallel 
to the terminal edges. If the form was a cube, the striations would be 
parallel to all of the edges. The crystals are sometimes twins of two 
primitive rhombohedra revolved 180° and interpenetrating, so that the 
■edges of one come out of the faces of the other, Figs. 12, 13, 14, 15. 
This form resembles the hexagonal pyramid, with reentrant angles on 
the base and pyramidal faces. These crystals resemble Calcite some- 
what, but are distinguished by the blowpipe and action with acids. It 
is always crystallized. The crystals usually line cavities in amygdaloidal 
rocks. Sometimes, as in the variety called Phacolite, the hexagonal 
prism has been observed. The fracture is unequal, but this character is 
not very distinct, as the crystals are usually very small. Lustre, vitreous. 
"Color, white, colorless, reddish, yellowish or greenish. A blood-red 
variety is found in Nova Scotia and is called Acadialite. The color is 
■owing to the interposition of oxide of iron, which is a mechanical admix- 
ture. Streak, colorless. H,=4.5. O.=2.08-2.19. Comoosition, Ca 
4-11, Sa 0-4, ft 0.17-2.58, 3tl 17-21, Si 45-52, S 19-22. Some varieties 
might be mistaken for Fluorite, but are distinguished by the want of cleav- 
age and the action of acids. 

Pyr, dtc, B. P, In a closed tube, gives off water. Intumesces 
And fiises to a white spongy glass, which is nearly opaque. With acids, 
gives slimy silica. 

It IS found in Massachusetts, Connecticut, New York and New Jersey. 

FORMULA OF THE CRYSTALS. 

PI XIL 
mg. 10. R; usual form. Fig. 11. R. -JR. -2 R. i^. 12. Twin 

crystal by interpenetration ; composition-face P. Fig. 13. Twin crys- 
tal. Mg. 14. Twin crystal, with the combination R. -JR. -2R. 
iR3. c»P2. Mg. 15. Twin crystal, -JR; form of PhacoFite. 
Fig. 16. li Rf ; Haydenite. 

Harmotome. !fia, %1, 5 Si, 5 ^. Monoclinic. 

Syn. — Morvenite, Kreuzstein. 

There are two varieties which differ in their chemical composition. 
Both of these varieties contain ft, but in one the fia is replaced by Oa» 
The one containing lime is called Phillipsite; the other, Harmotome. 
These two varieties are also distinct in their crystallographic characters. 

It crystallizes in a right rhombic prism of 120° 47', with easy cleavages 
parallel to the base and prism. The variety containing fia is ir detached 
-crystals, which are always twins, PI. XII. Figs. 17-21. These crystals 
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^^ht be mistaken for Apophyllite, but are distinguished by the striationsL 
*'ie octahedron is also less acute than in Apophyllite. When the mineral 
0^ Oa for a base, the crystals are twinned paraUel to the prism, showing 
.^e characteristic cross. Sometimes the faces of the prism do not exist and 
^^ others they are very smalU. Simple crystals are unknown. Even the- 
^jy^tsk containing fia which appear simple are twins, as can be seen by 
^^ optical characters and striations, Fig. 17. The macle is however as it 
^'•^ latent and does not affect the crystalline form. Fracture, conchoidal* 
^^ uneven. Lustre, vitreous on the exterior faces, but less bright on the 
i^<^ture. Transparent on the edges. Color, white, gray, yellow, red, 
l^^^^"^n or greenisu. It possesses a certain degree of opalescence, whicb 
^^wing to the presence of a certain amount of Si in excess, which is in> 
Q gelatinous condition. Streak, white. II,=4.5. O, =2.44-2.45. 

^ ^^ ^^position, £a 23.7, XI 15.9, Si 46.5, fl 13.9; when it contains lime^ 
*^' 7.4, XI 20.5, Si 47.9, & 6 3, fl 17.9. 

^^*yr, Ac* B* P. Whitens and becomes opaque; exfoliates and 
^Its at 3.5 to a white glass. Sometimes phosphoresces. Soluble with 
^K^aration of pulverulent Si This mineral is frequently found with Chaba- 
"^ Its usufu localities are Scotland and the Hartz. 
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PI xn. 

%. 17. oof 00. 00 Poo. P. foo. Fig. 18. Twin crystal; com- 
^^^sition-face ooP. Fig. 19. Twin crystal by in terpenetration. Fig. 20. 
The same. Fig. 21. Horizontal projection of a twin crystal like the- 
l)receding. 

Stilbite* Oa, XI, G Si, 6 11. Orthorhombio 

Syn. — Desmine, Strahlzeolith. 

It crystallizes as a rhombic prism of 94° 16'. It has an easy cleavage 
parallel to the brachypinacoid and a less easy one parallel to the ortho- 
pinacoid. The usual forms are shown in Pi. XII. Figs. 22, 23. The 
faces of the prism and pyramid have a feeble and vitreous lustre, while- 
that of the brachypinacoid is pearly and very bright The base is some- 
times found on these crystals, but it is very small. They are not generally 
found detached, but as a large number of crystals attached to one anothcF 
parallel to the brachypinacoid. This face is in this case the most brilliant, 
the others being striated, rounded and bent. It frequently happens, and 
this is the general case, that the crystals are not placed together exactly 
parallel, but diverging slightly from the center of the crystal, so that it 
looks somewhat fan-shaped. The faces of the brachypinacoid are then 
curved, but still pearly and very brilliant, while the others are striated and 
dull. jFracture, uneven. Lustre vitreous, pearly on the brachypinacoid. 
Color, usually white, but often colored yellow by Pe S, or blood-red by 
¥e. This iron is interposed between the lamellfle of the crystal and is 
not a part of its chemical composition. It is sometimes found of a gray 
color, which is due to organic matter. This color generally affects the 
point of the crystal. Streak, colorless. H,= 3.5-4. O, =2.094-2.205. 
Gompositiou, Ca 8.9, XI 16.5, Si 57.4, fl 17.2. The hardness is not the 
same on the different faces, it being less on the brachj'pinacoid than on 
the o*her. 

Pjrr* See. B* P. Swells, becomes fan-like and vermicular and 
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melts to a white enamel. Soluble iu acids, with separation of pulverulent 
siUca. 

Besides the distinctly crystallized varieties, it is found in masses which 
4u:e spheroidal and made up of a large number of crystals grouped 
together. These masses have a radiated, fibrous structure and are at the 
same time lamellar, on account of cleavage parallel to the brachypinacoid 
which is very easy. They have a characteristic pearly lustre. It is quite 
xare in these masses not to find a distinct crystal showing the fan-like 
«hape. They frequently have a gray, rose or yellow color. It might 
sometimes be confounded with Gypsum, but is distinguished from it by 
its pearly lustre and its hardness. The intensity of its lustre will generally 
distinguish it firom Apophyllite, which is usually less pearly. It might 
4ilso be confounded with one of the oxides of antimony, but a blowpipe 
trial distinguishes it immediately. It is found in Massachusetts, Connecti- 
<5ut, New York, New Jersey and Lake Superior. 

FORMULiB OF THE 0RYSTAL8. 
PI XII. 

mg, 22. oofoo. QO^QO. P. Fig. 23. oofoo. ooPoo. ooP. 
P. OP. 

Heulaudlte* Ca, ^, 6 di, 5 £r. Monoclikio. 

Syn. — Blatterzeolith, Euzeolith. 

It crystallizes as an inclined rhombic prism of 136° 4'. The ordinary 
forms are given in PI. XII. Figs. 24-28. These crystals might at first 
sight be taken for Stilbite, as they, like it, have a pearly lustre on the 
brachypinacoid and a vitreous lustre on the other faces. It is, however, 
quite easy to distinguish them by the form of the face of the brachy- 
pinacoid. That of Stilbite is symmetrical, while that of Heulandite is 
dissymmetrical, as may easily be seen in the figures. It has a very easy 
cleavage, parallel to the clinopinacoid. This cleavage is easier even than 
that of Stilbite. Fracture, conchoidal or uneven. Lustre on the clino- 
pinacoid, pearly, elsewhere vitreous. Transparent, translucent, opaque. 
Colors, white, gray, yellow and often dark red. H,=3.5-4. 0.=2.2. 
Composition, Ca 9J2, Al 16.9, Si 59.1, fi 14.8. The composition, with 
the exception of one atom of water, is the same as that of Stilbite. It 
-differs from it, however, in its crystalline form, which is monocHnic. 

Pyr, Ac. B. P. Acts like Stilbite. 

It is not always easy to appreciate this difference of crystalline form, 
«ince the two substances have the same associations and are often found 
together on the same specimen. The alkalies are often associated with 
the Ca. 

It is found in Connecticut, Massachusetts, New York, New Jersey, 
Pennsylvania and Maryland. 

FORMULiB OF THE CRYSTALS. 
PI XII. 

Fig, 24. 00 P 00. oo P oo. P oo. P. Fig. 25. The preceding form, 
lengthened in the direction of the orthodiagonal. Fig, 26. The combin- 
Ation, Fig, 24, with 2 P. Fig, 27. The preceding, with f P. Fig, 28. 
CX) P oc. 00 P 00. P 00. 2 P 00. 2 P ; usual form of the crystals from 
the Fassatlial 
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SEPIOL.1TE GROUP. 

Sepiollte. %' Si* + 2 SL 

Stu. — Meerschaum, L*Ecume de Mer. 

It is never crystallized, but always found in amorphous masses, with » 
eonchoidal fracture, which is sometimes granular when it is mixed with^ 
foreign substances. Its fracture is dull and without lustre, while its natu- 
ral surfaces are slightly lustrous. Color, white, grayish-white, yellowish 
or reddish. Opaque. Its natural surfaces are smooth and unctuous to 
the touch, like all the magnesian compounds. When it is pure, it does not 

S've an odor when breathed upon and does not attract the tongue. 
[,=2-2.5. When dry, floats upon water. Composition, Ag 27.1, fiC 
12.1, Si 60.8. Il sometimes contains C, and the proportion of ]Q[ is quite 
variable. 

Pyr. Ac. B« P. Heated in a tube, it gives off water. It crack» 
and fiises with difficulty on the edges. With nitrate of cobalt, it gives tho^ 
reaction for magnesia. With acids, it sometimes effervesces slightly, and 
gelatinizes. 

It is sometimes found porous and sometimes quite compact. It is the 
common meerschaum of commerce. It is found in beds interstratifled 
between lime or clay. It is then often lamellar and impure, oftea 
containing these substances. It is no longer a chemical combination but 
a sort of magma. It is generally found in Greece or Asia Minor. 

II. Unisilicates. 

SERPENTINE GROUP. 

Serpentine. (} Sg+i S)* Si+J^ fi. Ortborhombio. 

Syn. — Verd antique, Chrysotile, Picrolite, Marmolite, Schiller Spar^ 

Williamsite, Baltiraorite. 

Serpentine is found crystallized only as pseudomorphs after other mine- 
rals. Fracture, scaly sometimes eonchoidal. Lustre, resinous, greasy^ 
pearly or earthy. Translucent, in thin splinters ; opaque. It has gene- 
rally a more or less green color, inclining to yellow, but is sometimes dark- 
er and red. Its color is sometimes homogenous, and sometimes composed 
of many colors blended together without order, but sometimes in bands. 
Streak, white and shining. It may be easily cut and worked, and it has 
some appearance of ductility. It is however tenacious, and resists the 
stroke of the hammer somewhat like Corneine. Its touch is unctuous, as 
it is principally composed of magnesia. [U 2.5-4, S 12-2.65. The composi- 
tion varies : S 42-46, Mg 36-40, II 12-13. For the formula, Mg 42.97, 
Si 44.14, ti 12.89. Its water appears to be in p-irt hyo:rometric, for a part 
of it disappears under the air pump. It contains frequently as much as 
1-2 ^ of organic matter. Its composition is very variable, but may be 
represented by the formula given above. Its composition is, however, 
never very well defined, so that it is rather a rock than a mineral. 

Pyr. Ac. B. P. Heated in a tube, it gives off water. Fuses on 
the edges, with great difficulty, at 6. With nitrate of cobalt, it gives the 
characteristic rose of magnesia. It is always somewhat attacked by 
acids, sometimes even entirely dissolved. 

The highly colored varieties are sometimes called noble Serpcntme, and 
are m use as ornaments. Like Talc, it is found in limestones, and gives a 
peculiar variety of marble, which is much sought for in the arts. With- 
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out being crystallized, it shows traces of crystallization. It is supposed 
to crystallize in the orthorhombic system. A brilliant and lamellar sub- 
stance is sometimes found in Serpentine, which is usually referred to 
Dialla^e; it has, however, the same general composition as, and is 
undoubtedly Serpentine. Other fibrous substances are also found in 
Serpentine. They are not very well characterized, but are quite near it 
in composition. Without being very well defined, they have optical 
characters that bring them near to crystallized substances. Thus, they 
possess dichroism, being yellowish-green in one direction, and red in 
another. These fibrous substances are sometimes found in veins and re- 
semble Asbestus. They are called Chrysotile. Serpentine is found 
abundantly in the U. S. 

IIL Subsilicates. 

CHLORITE GROUP. 

Chlorite. 

Chlorite is the name given to a family of minerals. They are analo- 
gous to Mica and Talc in their exterior characters, and also in the variety 
of their composition. The ft, is ilLg and ^e ; thJS, Pe, XI, Sr. It is more 
than probable that a part of the ^ is associated with the ft. 

Procblorite. (f (Mg, f'e)'+f £l) Si+| fiL. Hexagonal. 

Syn. — Chlorite. 

It crystallizes in an hexagonal prism and has a very easy cleavage 
parallel to the base, which allows of its being exfoliated, but less easily 
than Mica. The crystals are not very well formed. They are generally 
in hexagonal or triangular lamellse. Generally it is imperfectly crystallized, 
the lamellse being fastened to each other on the edges and radiated, so as 
to form a spheroidal mass, a section of which would be fan-shaped. This 
variety is usually called Ripidolite. Its lustre is very bright and sometimes 
almost metallic on the edges. It is also somewhat vitreous. Transparent, 
in thin lamellse ; opaque. Color, green, more or less dark. Some varie- 
ties show .1 remarkable dichroism. Parallel to the base in the direction 
of the greatest length of the prism, it appears somewhat dark-red and 
even black, while perpendicular to the base it is green. Streak, white or 
greenish. B[.=l-2. 0=2.78-2.96. Composition, % 15.3, *^e 27.5, 
3fcl 19.7, Si 26.8, fi 11.7. Its touch as well as its powder is unctuous, less 
so however than Talc. This difference is probably owing to the greater 
proportion of water. 

Pyr. &c. B. P. In a closed tube, gives off water. Whitens, exfoli- 
ates and fuses, with difficulty, to a grayish-black glass. Decomposed by S. 

Prochlorite is frequently found as a powder covering other minerals, as 
Quartz, Albite and Orthoclase. It is found in lamellar masses, so that it 
almost always has a spathic fracture. This variety is abundant in many 
localities, and is frequently found with Vesuvianite. It is also found in 
compact masses, somewhat analogous to Talc, from which it can be distin- 
guished by the proportion of water. It is also found in little detached 
plates forming sand, resulting from the weathering action on rocks which 
contained it. These sands, some of them at least, were formed at a 
geological epoch anterior to our own, and have sometimes been transport- 
ed considerable distances. It is thus found disseminated in difierent for- 
mations. It is found abundantly in the U. S. /. 
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POTASSlUin. 

IVitre. B[ ^. Ortkorhombio. 
Syn. — Saltpetre, Kalisalpeter, Potasse nitratde. 

The primitive form is a right rhombic prism of 118" 50', consequently 
it is one of the limit forms whose combinations resemble the Hex- 
agonal system. Crystals, when they are simple, have the forms 
PI. XlIhFigs. 1,2,3,4,5. They are frequently hemitrope around.the brachy- 
axis. The crystals arc ofien twins, which are mostly the union 
of several crystals, attached by the faces of the prism, Pi XIII. Fig. 8. 
generally the interior is left hollow. Crystals of Nitre, which are 
not hollow must be formed by the double decomposition of fe C and 
^a 'S and crystallized in the same liquid. The crystals obtained 
from solution in pure water are usually twins and are made up of 
2, 3, or even 4 crystds. Nitre is dimorphous ; at a high temperature it 
crystallizes in rhombohedra oi IOd^HO'. Caicite has a rhombohedron of 
105°5' and is isomorpbous with Nitre; Calcito is also dimorphous 
with the right rhombic prism of 120^, which is isor.icrpiious with Nitre. 
These two minerals are therefore isSorr)orphous in tlieir dimorphism. This 
property has been called isodimorphism. Nitre has difficult cleavages 
parallel to the prisms and to a brachy dome. Its fracture is conchoidaL 
It is usually white and transparent or at least translucent Its lustre 
is vitreous and its streak white. It is ofenerally found as thin crusts, 
efflorescences or as small crystals. H[,=2. O. =1.937. The composi- 
tion of Nitre is A 46.6, fJ 53.51. 

Pyr. Ac, Deflagrates on Ch. colors the flame violet (fe). It is soluble 
in its weight of cold, and half its weight of warm water. It has a pecu- 
liar, cooling, saline taste. It is not altered by exposure. 

Nitre is the saltpetre of commerce. It is found abundantly in the soils 
of some parts of Spain, Egypt and Russia. It is also manufactured from 
soils containing other nitrates. In this country it is found in caves in 
Madison Co., Ky., in Tennessee and in the Mississippi valley. 

FORMULiK OF THE CRYSTALS. 
PI. XIIL 

Fig. 1. 00 P. 00 P 00. P. 2 P 00. 'fhis combination resembles the or- 
dinary crystal of quartz, oo P. P. ^yh(^n the faces of the brachy-dome 
and brachy-pinacoid are respectively equal to those of the pyramid and 
prism. Fig. 2. The above with Po:. Fig. Z, c» P. oo P oc. 2 P oo 
Fig. 4. The combination Fig. 3, with P cc. but more tabular. FKg 
5. The combination Fig. 4, with <l ^ cc. Fig. 6, Section par- 

allel to OP, showing the mirrors of the prismatic cleavage. Fig. 7. 
The same, in a twin crystal. Fig. 8. Trilling- crystal, hollow, formed 
by the juxtaposition of three prisms. 

Aphthitalite. ^ S. Orthorhombic. 

Syn. — Glaserite, Kalisulphat, Potasse sulfatee. 

It crystallizes in right rhombic prisms of 120° 30'. Its fracture is con- 
choidal and it scratches Gypsum. It is generally white or colored slightly 
blue or green ; transparent, translucent or opaque ; lustre, vitreous or 
resinous. It often appears like an hexagonal prism both in the simple 
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4sry8tals, which are quite rare, and in the crystals which are composite 
8 by 3 or 6 by 6. When obtained by crystallization in a solution, where 
it has been produced by double decomposition with Sa C, it is dimor- 
phous and gives an hexagonal prism. B[.=3 — 3.5. 0.= 1.731. Com- 
position, i. 54.1, B45. 9. 

Pyp. Sec Before the blowpipe, it decrepitates and melts. In the 
reducing flame it is reduced to KS; the moistened globule then 
blackens silyer. It is not very soluble, has a bitter taste. 

Anhydrous sulphate of potash is found among volcanic products in 
crystalline crusts which appear to be produced by the vapors of S on 
rocks containing alkalies* 

soDium. 

Soda IVilre. STa ff. Hexagonal. 
Syn. — Nitratin, Natron Salpeter. Soude nitratee. 

It crystallizes as a rhomhohedron of 106*' 33', it is isomorphous with Dol- 
omite and Nitre, which under certain circumstances takes the same angle. 
When it is evaporated rapidly it takes the form of a rhombic prism of 117° 
or 118° and is thus i^odimorphons with Nitre. It has cleavages parallel to 
the primitive rhomhohedron. It is generally wliite or grayish, with a 
slight vitreous lustre ; transparent, translucent or opaque. Its fracture is 
sometimes granular, somerimes lamellar or conclioidal. B[«=2. 

CJ.=1.937. Composition, I^Tj: 3G.5, fi 63.5. 

P|T. &c. Deflagrates on Ch., but less than Nitre ; colors the 
flame yellow. It is soluble in 3 parts of !& and has a cooling, saline 
taste. 

Soda Nitre is found in great abundance in certain countries, espe- 
cially in Peru, where it is found in crystalline masses of large extent, 
•which appear to be the residues of ancient lakes. It is also found in 
India, where it continually eflloresces on the surface of the ground. 

Tlieuardite. l^n S. ORTuoRnoMBic. 

It is generally found in crystalline masses, with forms that approach the 
prism. They are usually rhombic pyramids, with very sharp edges. 
They have a cleavage parallel to the base and brachy-pinacoid. Lustre, 
vitreous; color, white to brown; translucent. II.=2 — 3. 0.=2.5 to 
2.7. Composition, Sa 5G.3, S 43.7. 

Pyr. &c. Colors the flame yellow ; in R. F. gives Na S. If dis- 
solved above 33°, on coohng it crystallizes as anhydrous and below 
it as hydrous. 

It is found in deposits left by Thermal springs. 

FORMULA OF TILE CRYSTALS. 

PtXIII. 

Fig, 9. P. Surface, rough and with but little lustre. Fig, 10. 
P. OP. odP. 

Mlrabilite. 1^& B+10 Jt. Monoclinic. 

Syn. — Glauber Salz, Mirabilite, Soude sulfatde. 

The primitive form is an inclined rhombic prism 86° 31'. Lustra 
vitreous, color white ; transparent, opaque, H.=1.5 — 2. 0.= 1.481, 
Composition, Sa 19.3, S 24.8, S 55.9. 
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Pyr. dec. Yields water in a tube, gives a yellow fiame, gives the 
reactions for S. Tastes cool, afterwards salty and bitter. In the air, faSla 
to pieces and becomes anhydrous. 

In Spain, especially near Madrid, it is found in large masses not crys- 
tallized, but fibrous and bent. These masses are semi-transparent, with a 
slight pearly lustre, and appear to result from alteration. In the air^ 
these masses effloresce rapidly ; they might sometimes be mistaken for salt^ 
It might be mistaken for Mg S, but this is less soluble and less efflorescent.. 

FORMULA OF THE CRYSTALS. 

PI XIII. 

Fig, 11. ooPoo. (30 P. P. OP. ooPco. Poo. Poo. Fig. 12. ooPoo. 
00 P 00. 00 P. P.-P. 1^ p. P 00. i P oo.-i P 00. P 00. 2 P 00. OP. 

Olauberite. (i $a+i Ca) 3. Monoolinio. 

The form is a very oblique rhombic prism. If not crystallized^ 
it is crystalline. It may have two types, which are formed by the 
same laws of derivation, but differ somewhat in their exterior. The 
first type. Fig, 13, PI XIII. is the ordinary one. It is the primi- 
tive crystal with the modification -P, but very flat parallel to OP, with 
sharp edges. The angle oo P being very obtuse, 104° 15', the face -P is very 
much striated, so much so as sometimes to appear step shaped. This 
type is that generally found in Spain, in the salt mines and in the vari- 
egated clays which accompany them. The same variety has been found 
in Prance, at Vic, colored red with iron. In Peru, at Iquique, Glauberite 
has been found with tlie second type, which shows the same faces, but the 
crystal is much longer from the extension of I ; this variety is usually 
found in colorless crystals, with a very bright resinous lustre. It has a 
very easy cleavage parallel to the base. The fracture is conchoidal and" 
brilliant. Its lustre is resinous and somotimes very bright. Its ordinary 
color is yellow, somewhat gray, but when Pe is present, it is red. Streak, 
white. H[.=2.5 to 3. €r.=2.64 to 2.85. * Composition, S 57.5, 
6a 20.1, ]?fa 22.4. 

Pyr. Ac. B. P. Decrepitates and melts into a bead which is 
transparent, when hot, but opaline, when cold. By the action of 
fithe two sulphfites are isolated, the ^S'aS being dissolved. At first it has 
no taste, then it gives successively a salt, bitter and astringent taste. 

Near Madrid, a large mass of Glauberite was found, 14 to 15m. thick and 
several leagues square. It was from the decomposition of this mass 
that the fibers of Na S came, of which we have spoken. It is generally 
found in the same associations as salt. 

FORMULAE (W THE CRYSTALS. 
PI XIII. 

Fig. 13. OP.-P. Fig.U. OP.-P.ooP. -Poo. J^i^-. 15. odP. 
OP.-P. -Poo. 

Halite. Na CI. Isombthic. 

Stn. — Salt, Rook Salt, Kochsalz, Steinsalz, Sonde muriat^e, 

Sel gemme. Halites. 

It crystallizes in the isometric system, almost always in cubes. It has 
a very easy cubical cleavage, so that the crystals are generally filled 
with mirrors in three directions. Lustre, vitreous ; streak, white. Its 
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•colors are very variable. When pure, it is colorless, but generally it is 
-colored bv some earthy or organic matter. It may be gray, red. violet. 
Wue or green. The cause of all these coloi-s is not very well understood. 
They may be owing to traces of l^Ti, Oo, On, or organic matter. It is solu- 
ble, and has its own peculiar taste. The fracture of salt is lamellar and 
sometimes conchoidal across the cleavage. H[.=2.5. G,=2. 1.-2. 257. 
•Composition, Na 39.3, CI 60.7. 

Pyr. &c« Heated, it first decrepitates and then melt*^. Some pecu- 
•liar varieties do not decrepitate. It sometimes decrepitates, when it is 
-dissolved, which is owing to the presence of cavities in the crystals. 
These cavities are often cubical in shape and contain water and 0, which 
is under pressure and produces the phenomena of decrepitation, when 
%y solution the sides of the cavities are no longer strong enough to bear 
the pressure. 

Besides the crystallized and lamellar varieties, it is frequently found in 
.fibrous masses, which sometimes adhere to the rock by one extremity 
only; the fibers are then very much bent When it fills fissures, the 
fibers are usually straight, and the two opposite walls of the rock are 
often joined. This variety is frequently colored red by oxide of iron. 

It is found in Europe in the deposit of Q-ypsum, and especially in the 
variegated clays (Marnes Irishes) of the Trias. In the U. S. it has been 
found forming beds associated with Gypsum in Virginia and Oregon. In 
Iiouisiana, in large beds of later origin. Most of the salt obtained in this 
oountry is from Salt springs. 

FORMULiB OF THE CRYSTALS. 

PIXUL 

Fig, 16. 00 O 00. Fig. 17. Hopper-shaped crystal. Fig, 18. Cavernous 
•cube. 

Borax. S'aB'+lOfl. Monoolinic. 
Stn. — Tinkal, Borsaures Natron, Sonde borat^e. 

It crystallizes as an inclined rhombic prism of 87°, with the very simple 
ibnns shown in PI, XilT. Figs. 19-21. It has a number of difficult cleavages. 
The crystals are mostly white and opaline, but when they are stained by 
organic matter they are colored gray, more or less dark, sometimes bluish 
or greenish, and then give off an empyreumatic odor when heated. 
It is isomorphous with Pyroxene. Streak, white ; translucent, opaque ; 
■fracture, conchoidal. It is soluble, has a salt, alkaline soapy taste ; boil- 
ing water dissolves double its weight. B[.=2.25. 0,= 1.716. Com- 
position, STa 16.2, B 36.6, fl 47.2. 

Pyr. &c« H. P. Intumesces and fuses to a transparent glass. 
Pused with Fluorite and bisulphate of potash, gives the reaction for B. 

Borax is found in nature either in solution in certain lakes, or as a 
residue of their evaporation. It is found most abundantly in India and 
Oalifornia. 

FORMULA OF THE CRYSTALS. 

Fi. xm. 

JFlgr.lD. ooPoo. OOP. oof*oo. P. 2P. OP. Fig.20. coPoo. OoP. 
P.2P OP. Fig. 21. 00 P 00. 00 P CO. 00 P. P. 2 P. 4 P 00 OP. 
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Matron. iVa 0+10 S. Monoounio, 

Syn. — Nitrum. Soude carbonat^e. 

The usual form is given Fig. 22, Plate XIIL 

Under this name a number of mixtures of different carbonates have been* 
described, as for example the neutral and sesqui-carbonate with varying^ 
proportions of fl, which are found in certain African lakes. These masses 
are white or gray, from the interposition of forei^ substances. They are 
generally earthy. In these masses crystals may be seen, which may be 
white or opaque and seem to belong to a partially decomposed sesqui-car- 
bonate; the rest of the mass being a neutral carbonate, which is much less 
efflorescent. In the air, the crystaia usually fall to powder, and have a very 
disagreeable alkaline taste. I3.=l-1.5. <Gr.=1.423. Composition Sa 18.8, 
0.26.7, r[o4.5. 

P^^r. &c. IS, P. Heated, these masses give up water and fuse^ 
Soluble ill water. In acid, soluble with great effervescence. 

FORMULiB OF THE CRYSTALS. 
PI XIII. 

Fig. 22. P. o) P. 00 P 00. 

Aiii^iiioNiuin. 

ilEascagrnite. Nh* S+S. Orthorhombic. 

Syn. — Mascagiiin, Amraoniaque sulfat^e. 

Right Rhombic Prism of 107' 40'. 

It is found as aii incrustation on volcanic rooks. It is similar to the same 
salt in the laboratories. It is isoniorphous with Aphthitalite. Lustre, vit- 
reous ; translucent; color, yellowish gray to lemon yellow ; taste, pungent and 
bitter. H.=2-2.5. 0.=1.72-1.73. Composition N'H* 34.7, S 53.3, S 12. 

Pyr. dec. It is soluble and volatile, giving off very thick vapors. 
It has the peculiar flavor of Sal-Ammoniac, but is bitter, which dis- 
tinguishes it. 

It is generally found on volcanoes and in coal mines which have- 
been on fire. 

Sal-Aminoulac. NH* 01. Isometric. 

Tetragonal-trisoctahedron and hexoctahedron. Sometimes lengthened 
as in Fi^. 26, PL XIII. Lustre, vitreous. Color white, yellowish or gray- 
ish. Fracture, conchoidaL H.=1.5-2. 0.=1.528. Composition 
JfH* 33.7, CI G6.3. P *^ ^ ua 

Pyr. &c. Sublimes in a closed tube without fusion. Heated wilii 
lime or caustic alkali, gives ammonia reaction. It is soluble in three times 
its vreight of 1^ and has a peculiar saline and pungent taste. 

If in the solution of Sal- Ammoniac a few railliems of acid are added, it 
crystallizes in cubes. If however salt is added, it crystallizes in tetrago- 
nal-trisoctahedra. They have an octahedral cleavage. It is isomor- 
phous with the S3^Ivite and Halite, but these have a cubical cleavage. It 
IS found in certain volcanic formations and has the same formula that it has 
in the laborn tor ier.. It is generally found as incrustations on the surfaces 
of lakes, or in coalmines on fire. These incrustationg are white or colored 
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yellow by Fe CI which is volatilized with it, as frequeutly happens in the 
laboratories. 

FORMULiB OF THE CRYSTALS. 

7^ XIIL— i?^. 23. 0. Fig. 24. 303. Fig. 25. 30f. Fig, 
26. 303. very much distorted. 

BARHJIH. 

Barite. Ifia S. Orthorhombio. 
Sth. — Heavy Spar, Schwerspath, Baryte salfat^e. 

It crystallizes as a right rhombic prism of 101** 40', with three cleavages; 
Vwo parallel to the prism and one parallel to the base. Crystals are 
found, according to localities, in four general types. The first is quite flat 
It is composed of the macrodome and brachy-pinacoid. These crystals 
are usually not very large, and are often modified as Figs. 28, 29, 30, 
Plate XIII. The second is also flat, made up of the base and the macro 
and brachy-pinacoids, Fig. 31, P^aie XIII. and shows a rectangular form. 
This may also be modified. 'It belongs to the varieties which are gangues 
of metals. The third type belongs to veins. The base has disappeared 
%nd the brachy-dome become very large, so that the crystal has a roof shape, 
Fig. 34, Plate XIII. The fourth type is much rarer. It shows a predomi- 
aance of the macro-dome, so that it has the dome at right angles to the 
third type, Fig. 2, PZ.XIV. The disposition of the cleavage allows of the dis- 
tinction being always made between this form and the previous one. Besides 
the forms which have been given, the crystal often has faces which 
have a much more complicated notation. These faces are generally small 
and are distinguished by their difference in lustre. Its colors are usually 
not very distinct. White, gray or yellow are the usual ones, but it is some- 
times blue or reddish. The yellow is usually owing to Pe, and the red 
often to Cinnabar. The lustre of the mineral is vitreous, generally very 
bright; sometimes it is resinous. H. =2.5-35. 0.=4.3-4.86. Com- 
position fia 65.7, S 34.3. 

Pyr. &c. B. P. Decrepitates and fuses to a white enamel, which 
falls to pieces after some time. The flame, during the fusion, is colored 
yellowish-green. The globule obtained in the R. flame is BaS, moistened, 
it blackens Ag. It is insoluble to all intents and purposes, but not com- 
pletely so. It has the same composition as the Ba S of the laboratories. 

Besides the simple forms, it is often grouped. One of the most frequent 
is the crested form, made up of crystals which are usually small and which 
are radiated in the form of a sphere. It is also found in lamellar and 
bacillary masses which are striated in the direction of their lengths, and 
have mirrors in every direction, owing to easy cleavages. In coiKue- 
tionary masses, in stalactites, which are fibrous in their interior, having 
usually different varieties of brown for their colors, which seem mostly 
to be owing to organic matter. Saccharoidal, having the aspect of Italian 
marble. Sometimes it is entirely earthy. It may also be found in every 
intermediate stage. Compact, as the gangue of veins, looking quite 
like Petrosilex or Agate, but is easily distinguished by its inferior hardness. 
The character, which is the one depended on to distinguish it from 
Celestite and Aragonite, is its density, which is 4.5. It is distin- 
guished from the various carbonates by not effervescing with acids: 
from metallic minerals, by giving no metallic reaction before the B. P. 

Uses. — Its I'eneral use is as an adulteration for white lead. A mixture 
of equal parts of Barite and wliite lead is often called Venice White. Twice 
the weight in Barito is called JIamlfurg White. Three times, Dutch 
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da C. Okihorhombic. 
9t?t. — Baryre carbonatee. 

The primitive rbrm is a ritrht rhombic prrsni of l\S^ 30'. It is one 
<ion9pquerire of che limit torms. It has a eiearatre parallel to the prian. 
ft<» primirivt* form is rareiy ever tbiintL It i^ generally in hexagonal 
pn<»Tn<». 

Thpyf* hpxapronal crvi^tals are rarely ever simple. Tliey are generally 
mao]p9 made up of nix other cry^^tals. Tkey often show an empty space 
in th^ ^.pntre. hecause, since the angles are not quite 90", they ^do not 
exactly coincide. This juxtaposition takes place on the &ces of the 
pri«m. When the prism disappears, as it frequently does, we hare a 
pf«endo-hexai^onal pyramid made up of the brachy-dome and rhombic 
oc^ah»-dron. These crystals are thems^ves freqaendy hemitrope. which 
d^>e^ not chanjjre the form but makes the mass opalescent instead of trans- 
p^r^nt. frg fracture is unequal, scaly, with a resinous lustre, while the 
nator;*! fnf^f^^ are usually covered with a pulverulent coating. Colors 
^cD'^r^lly whifi?<h, yellowish, or grayish ; transparent or translucent. 
Str'^^k. white. H.= 3-3.75. C».=4.2U-4.35. Composition Ba 77.7, C 22.3. 

ffr. A^. R« P. With acids, it efiFervesces slowly. It must be 
h^j^f/d to dissolve it. It decrep)itates, colors the flame yellowish-green 
and i'li^oH t/; a limpid globule, which becomes opaque and is absorbed by 

ft i^ ftli</ foiifid in cr>'stalline: masses, and is sometimes concretionary 
^Tfd fi^^otm, Its frft<;turt; then has a peculiar silky look. It is, at the same 
f'fn^, rv-nly. These m?iS5<frs arc remarkably translucent. Their density 
wdl di-fin;/rii,«<h them from similar mas?;es of Calcite. It is distinguished 
ifffiti (;;dcite and Aragonifc by its fusibility ; by giving a green flame, from 
Kfi'/frti>ifMtr> ; by itj« cfJVTvescencc, from similar minerals which are not 
/•fffl/^ri"? ; HFid, l>y giving no metallic reaction, from metallic minerals. It 
in lAr^^)y used in cheniical manufactories for the preparation of Salts of 
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JBaryta, which are used in analysis and, to some extent, in pyrotechny. 
Artificially prepared, it is used as a paint for water-color drawings. It is 
sometimes used as a poison. 

FORMULJB OF THE CRYSTALS. 

PI XIV. 
Mg. 9. P. 2 ? 00. Both forms are equal and apparently make a hex- 
agonal pyramid. Fig. 10. The former combination, with OP. Fig. 11. 
00 P. o-.poc. P. 2?c». OP. Fg. 12. ooP. ooPco. P. 2Poo. f P. 2 P. 
3 Pod. 4? 00. Fig. 13. Horizontal projection of a composite crystal, 
ibrmed by six simple crystals, oo P. being the composition face. 

Barytoealcite. (i Ba+i 6a) C. Monoolinic. 

Its primitive form is an inclined rhombic prism of 106** 54'. The usual 

form is shown in ii^/^. 14. PZ. XIV. Cleavage, easy parallel to the prism, less 

easy, parallel to the base. Lustre, vitreous. Color white, gray, greenish 

or yellowish. Fracture, uneven. Streak, white. Composition 6a C 66. 3, 

-Oa Q 33.7. 

Pyr. &c. B. P. Fuses with difficulty on the edg^s, coloring the 
£ame yellowish-green and becomes greenish. With S'a on Ch.. the Ba 
is absorbed and the Oa remains on the Ch. Soluble in dilute ^. This 
-mineral is comparatively rare. It is quite remarkable that it is 
not isomorphous with the variety of Calcite which contains f*b 0, while 
-the carbonates of l*b and Ba are both prismatic and isomorphous. 

FORMTTKfi OF THE CRYSTALS. 

PI XIV.— Fig. 14. 00 P. cx) ? 3. P. P cx). 

STRONTIIJlfl. 

Celestlte. &t Q. Orthorhombic. 
Syn. — Celestine, Calestin, Strontiane sulfat€e. 

The primitive form is a right rhombic prism of 104° 2'. The bluish 
'Crystals have usually the first type of the crystals of Barite. The white 
Celestite from Sicily has another form, which is that of the last type. 
Fig. 18, PI. XIV. It has also another form which seems to belong to 
the tertiary formations. This is from the round masses of Celestite which 
are found at Paris and in the silex of the chalk. These are produced as 
follows : During the tertiary epoch, while the formation of Gypsum 
and of chalk was going on, the silex of the chalk was more or less 
• cracked. Into these cracks waters, charged with Sr S in solution, infiltrated 
and soldered them together. 

All of these crystals have a special form, from which the primitive type 
has entirely disappeared. They are often acicular, and it is not always 
•easy to distinguish them as orthorhombic. 

Celestite is isomorphous with Barite and Anglesite. The prismatic an- 
gle which in BaS was 101° is 104° in Sr S. The cleavages are the same. 
The crystals are usually smaller and less distinct than those of Barite. It 
is oftener white than 6a B and has frequently a bluish tinge, which 
is characteristic and from whence it received the name Celestite. 
Sometimes it is soluble, occasionally trichioic. Its lustre is very 
bright, often pearly, generally less resinous than that of Barite. Its frac- 
ture i« lamellar and sometimes conchoidp.l. Streak, white. II.=3-3.5. 
^.=3.92-3.975. Corapooition, Sr oG.-A, 9 i:?.6. 
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lPyT» Ac. B* P. Decrepitates and fuses, coloring the flame re<L. 
If fused in R. F. and then dissolved in acid, it gives to the alcohol 
flame the characteristic red color. On Oh., acts like Barite. Insoluble in. 
acids. 

It is also found in lamellar masses like Barite, but the cleavage is less- 
easy. It is also found fibrous, usually in parallel fibres filling up cracks in. 
the rocks. They are usually perpendicular to the sides of the rock, some- 
times on one side, sometimes on the other. These masses are generally 
blue. In regarding the cleavages, it will' be seen that each fibre is a> 
crystal which belongs to the type of the tertiary formation. It is oflen. 
saccharoidal when it is found in marls and clays. It is also found in the- 
tertiary formations in compact earthy masses. These are generally found, 
in rounded masses, which often lie together in beds, like the silex of the- 
chalk formation. These masses are often hollow or cracked in their in- 
terior, which is then filled with crystals of the tertiary type. The density 
of Celestite is great, it is however a little lets than Barite never reaching- 
4. It is quite difficult to distinguish it fi:om Barite, especially when it is in 
lamellar, saccharoidal or compact masses ; a test must then be made. It is- 
reduced to a sulphuret, dissolved in H CI or jS and mixed with alcohol U>- 
get the flame. The two bases might be distinguished by the crystals of: 
Nitrate or Chloride. 

Celestite is used in the arts for making Nitrate of Strontia which, 
produces the red color in fireworks. An attempt was made, some years- 
ago, to use the very large deposit on Strontian Island, in Lake Erie, for- 
adulterating white paint, but it does not appear to have been successful, aa. 
only a few cargoes were used. 

FORMULAS OF THS CRYSTALS. 
PI XIV. 

Mg.l5, Poo. foo. oofoo^ Fig. 16. Poo. oo?'2. Poo. oofo)*. 
Mg, 17. P3. foo. Fig. 18. Poo. Poo. 

fiitrontianite. &r 0. Orthorhombic. 

Crystallizes as a right rhombic prism of 1 17° 19'. It has a cleavage- 
parallel to the prism and to the brachy-pinacoid. The usual forms are- 
shown in i^i^s. 19,20,21,22. PI. XIV. It is isomorphous with Witherite. 
The pseudo-hexagonal pyramids are however much rarer. The crystals 
are usually complete prisms, but are almost always small and not very 
distinct. They are most frequently needles, the details of which are only 
visible with a glass. Lustre, vitreous or resinous. Colors gray, white,, 
yellow, brownish and pale green ; transparent, translucent. Streaky 
white. Fracture, uneven. H[.= 3.5-4. G.= 3.605-3. 713. Compo- 
sition Sr 70.2, C 29.8. 

PfT. &c. H. p. Swells, arboresces and fuses on the thin edges.- 
Moistened with HCl, gives the Strontia color. VVith ^Sfa (3 on Ch., fuses^ 
to a clear glass and all the Sr is absorbed by the Ch. Soluble in H CL 

It is often found in concretionary maj^ses which are fibrous and 
tufty, and are usually yellowish, with a very resinous lustre.- 
These concretionary masses are often grouped round a crystaL 
It usually has a greenish color, which is characteristic, and wliich has^ 
caused the name of asparagus stone to be given to it. This name^ 
however, properly belongs to Apatite. These masses are generally con- 
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GretioioLsry, translucent and analogous to Witherite. The denfiity would 
confound it with da 0, when the distinction must be made by tiie color 
of tli.e flame. It is used for Pyrotechnics. 

FORMULA or THE CRYSTALS. 

JPl XIV. 
^ i^^. 19. 00 p. 00 PoQ. OP. p. 2 P GO. mg. 20. The preceding with i P, 
Poo. ^.21. 00 P. 00 Poo. OP. P. iP. i^-^. 22. ooP. ooPoo. OP. P. 
♦ I*- 2 Soo. The last face predominant. 

CAJLCIVIH. 

Anhydrite. Oa S. Orthorhombic. 
Syn. — Muriazite, Karstenite, Chaux sulfat^e anhydre. 

It C2r-ystallizes as a right rhombic prism of 100° 30', with three easy,, 
but um equal cleavages which lead to a rectangular prism, usually the- 
aomir:^c^j)l; form. Lustre, vitreous and bright on the cleavage faces; when 
massi^v^^it is vitreous or pearly. It is translucent or transparent, and 
genei^D^lly colorless. The colors are never very decided, but are light 
5?^ <^ f gray, rose, blue, or violet Fracture, uneven. Streak, white, 
■*•== 3-8.5. O. =2.899-2.895. Composition, Ca 41.2, 8 58.8. It iff 
ioun<i especially in association with salt, in fibrous masses, which are gen- 
erally- tent and show traces of cleavage in the direction of a normal to the 
curvf*3^ In this condition, it resembles some of the masses of CelestitCy 
out it;,^ density is much lower, being 2.9 at the most. Like Celestite, it ia= 
tounci "bluish in certain localities. It is also found in saccbaroidal masses, 
Anala^^^ to Calcite, but it is usually more transparent, its density i* 
gre&t^^^ and its cleavage is different It sometimes occurs in large, 
^^*^F^^<jt masses, with a conchoidal fracture, which may also be rectangu- 

^^i* scaly. These masses can be distinguished by their transparency 
"^^ ^srdness. 

^t, is. susceptible of decomposition, or rather of alteration, as in damp- 



*Jf ^^ iDecomes hydrated, effloresces and changes to Gypsum. Masses thus 

er^^ have been found, retaining their transparency and their rec- 

.'^S'^lar cleavage, but which can be scratched by the nail, and are Gypsum,. 

*^3.^t near the surface of the crystal. At Bex, in Switzerland, the beds 

/^^cunetimes altered to the depth of 20 to 30m. This alteration is also- 

^ *];^. frequent in collections. It is the cause of difficulty in working 

J^^^*^ salt mines. When one of the galleries of the mines passes through 

dri^^^ of Anhydrite, at the end of a certain time the latter becomes hy- 

^*-^<i on the surfaces and swells. This throws down the wood-work or 

j.g^I^5^n8 of any kind that may have been used, so that the gallery has to be 

g^.^ilt^ sometimes several times, until the alteration has taken its full 

^^ t and has entered for a considerable distance into the mass. 



Eeol* — iydrite is distinguished from Gypsum by being harder; from the- 
j[j. *^^8and the carbonates, by its action with acids. Some varieties 
j^ ^v^^^ *^^ polished and are called alabaster. It is found at Lockport, 
*-w^^-, associated with Dolomite and limestone. 

red *^^*^' *®* ^* ^* ^^^^^^^« i^ becomes white, coloring the flame 
jn^l ^^i-yeUow, but does not exfoliate; heated longer in the R. F., it 
«^^^^^ at 3, into an enamel which breaks up and becomes pulverulent and 
^-^^., when moistened, shows the usual reaction for sulphur. With 
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Sa 0, does not give a clear bead aad is not absorbed by the charoual. 
Soluble in HGl. 100 parts of fi[ at 18^ dissolve 0.2 parts. 

It is generally found in semi-crystalline, lamellar masses, quite analagous 
to Oalcite, but more transparent and with rectangular instead of rhombo- 
hedral cleavages. 

FOBMULiB OF THE CRYSTALS. 

PI.XLY. 
Mg. 23. OP. 00 P 00. 00 P oo. oo P. P oo^ P. 2P2. 3P3. Fig. 24. oo P. 
P 00. Stassfurth. Mg. 25. OP. oo P. P'oo. Stassfiirth. 

Ojrpsnm. Oa 8+2 "S., Monoclinic. 

Syn. — (xyps, Chaux sulfat^e, Selenite, Satin Spar. 

It takes the form of the oblique rhombic prism of 138^ 28', and has 
three cleavages. The one parallel to the clinopinacoid is very easy, the 
two others are perpendicular to this; one of them has a vitreous lustre, 
the other is fibrous. The lustre is pearly, owing to the fact that the mass 
is not perfectly coherent. It is rarely ever found in its primitive form, on 

Account of the very easy cleavage parallel to oo P oo. The two others are 
perpendicular to this one, one parallel to the base, which has a smooth 

oleavage. and the other is parallel to oo Poo , which is fibrous. They 

fiometim^s have the modifications oo P oo, with the faces of the prism and 
hemipyramid P. Sometimes the faces of the prism have the other 
hemipyramid -P. on the lower acute angle. Sometimes the faces 

of the hemiorthodome P oo appear on the acute angle. 

These intermediate faces are almost always curved, which appears to take 
place in the middle rather than on the edges. The faces of the prism 
00 P, frequently disappear and give rise to rounded figures, Fig. 34, PL XIV. 

The mirrors of cleavage however are visible upon these rounded aces. 
These crystals are often hemitrope around one of the faces, which gives 
rise to arrow-shaped crystals, which, notwithstanding the rounding of the 
faces of the hemipyramid, have the line of junction always straight. 
Sometimes a large number of these crystals are joined, forming a peculiar 
wedge-shaped crystal. 

Other hemitropes also occur by a hemitropy parallel to oo Poo . The 
same twins sometimes occur that we have noticed as occurring in the 
Orthoclase of the Trachytes by half penetration, Fig. 37. When this takes 
place in lenticular crystals, the form of the crystal is hardly recognizable. 
A great many crystals are frequently grouped together and have very 
•complicated dispositions. Gypsum is quite soft and is easily scratched with 
the nail. Its colors are very variable, generally not very strong. It is gen- 
ally colorless or whitish. It often has 3Pe interposed, when it is red. It 
is also yellow, blue, brown or black, which colors seem to be owing 
to organic matter. It is often transparent or translucent It has a vitre- 
ous lustre, which, on some of the faces, may be adamantine. It is 
soluble in HCl, or in 400 to 500 parts of H. iI.=1.5-2. 0.=2.314- 
5.28. Composition, Ca 82.6, g 46.5, H 20.9. 

Pyr. &c. B. P. At the first touch of heat, it swells and ex- 
foliates in direction of the easy cleavage, becomes white and loses its 
water. It then fuses at 2.5 to 3, coloring the flame reddish yellow, 
ana acfs like Anhydrite, giving a globule of CaS. 
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Gt-y^sum is largely found in the clays of the secondary formation, which 
ftre foiind accompanying salt. In thLs association, the crystals are gen- 
erailjr -white, and often in flexible lamellae. It is also found in very large 
beds in the tertiary formations. These crystals are whitisli or sometimes 
coloi-eci by organic or bituminous matter, in lamellae, which are not very 
flexiTolo. In some exceptional cases, crystals are found which are very 
muobi bent even in their cleavage. G-ypsum is also found in lamellar 
masses, made up of a large number of imperfect crystals, which often, 
show lioUows, as their union is not very perfect It is also found fibrous, 
lining- cavities. These fibers are generally parallel, and have a bright, 
silky l\astre. It is found saccharoidal, with a grayish color, and is made 
np of little, imperfect crystals, not very coherent and often slightly trans- 
parerkt;. This is the condition of the plaster of Paris in the environs of 
Paris. When found compact and with a conchoidal fracture, it constitutes^ 
the ordinary alabaster which is used for making ornamental objects. 
These: are not of very great value, because, being very sotl, they are easily 
deteriorated. In some places, as an accident, 5}'psum is found in scales,. 
whichk are very small, flat crystals, white and almost uniform in size. They 
are sometimes found in cavities in beds of G-ypsum. They can hardly be 
nriist£kken for anything but Barite, but their association and a chemical test 
^^^ ciistinguish them. Like Calcite, it is very often found in the condi- 
tion of concretions, which are often very well crystallized. Crystals are 
prterx found on the sides of galleries of abandoned quarries ; and concretions 
iu ®*^^«n boilers, when waters containing Oa S in solution are used, or m 
"^® r>ipes through which these waters have flowed. In the exploitation of 
salt, ^specially at Bex, in Savoy, beautiful crystals are found, which have 

?J^ cieposited by the waters used to dissolve the salt. 
P ^y p)8um fi*equently resembles Heulandite, Stilbite, Talc and the Micas, 
i^?'^^'^ A?ehich its hardness and action with B. P. will readily distinguish it 
P ? .^^rous varieties resemble fibrous Quartz, Asbestus, some varieties of 
oa,loi x^^ and some of the fibrous Zeolites. The hardness, action of acids 
^ ,^f the B. P. distinguish it. When burnt and ground, it constitutes 
_ ^ ^ -blaster of Paris of commerce. The white fibrous varieties are often 



,^^ into personal ornaments. It is also used in agriculture, as a manure. 

m^^ is found in large beds in New York, Ohio, Illinois, Michigan, Virginia,. 

^V^^^essee and Arkansas, and is usually associated with salt springs. 

^^^^t4ils are found at Lockport, N. Y., St. Mary's, Maryland, Poland 

^Y C/anfield, Ohio. At the Mammoth Cave, in Kentucky, it occurs in 

^ form of rosettes, stalactites, and many other fanciful shapes. 

FOR.MULiE OF THE CRYSTALS. 

PL XIV. 
-^V. 26. 00 P. 00 P X. P. -P. Mg. 27. The preceding, with the 
^^"iscDutic faces smaller. Fig. 28. oo P oo. od P. -P. Fig, 29. oo P co. 
"^P. QoP2. -P. iPoo. i%.30. -P. 00 P. 00 Poo. iPoo. Fig,31. 
^^, 29, with the pyramidal faces curved. Fig, 32. Lenticular crystal 
•^. 33. 00 P. P. -P. 00 P 00. with curved faces. Fig. 34. P. -P. with 
^iUrved faces. Fig, 35. Twin crystal, \yith the combination Fig, 28. 
Composition-face parallel to ooPoc. Fig. 56. Twin crystal, with the 
Combination Mg. 26. Mg, 37. Twin by interpenetration. Fig. 38, 
Crystal, showing the twin plane -Poo. Fig, 39. Twin firom the pre- 
ceding. Fig. 40. Group of arrow-headed crystals. 
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Fluorile. Ca Fl Isometric. 

Syn. — Flussspath, Fluor Spar, Derbyshire Spar, Chaux fluat^e. 

It has a very easy octahedral cleavage. The most usual form cf 
Fluorit^ is the cube, Fig. 1, P/.XV. or the tetrahexahedron, Mg. 8 or com- 
binations of both, Fig. 9. It is also found in rhombic dodecahedra 
and octahedra, Fig. 2, tetragonal-trisoctahedra and hexoctahedra, Fig. 11, 
with or without the cube, but these forms are rare. A complex crystal 
is shown in Fig. 12. Distorted form, Fig. 15. Twins, Figs. 13, 14. The 
fracture is generally lamellar, conchoidal and sometimes scaly in the 
compact varieties. Streak, white. Its lustre is- vitreous and usually 
very 'bright. The colors of Fluorite are very variable. It is sometimes 
entirely colorless and transparent. It has all the shades of yellow, violet, 
green, red and blue. Crystals are sometimes found which show both 
the blue and green color. This is, however, not a true dichroism and is 
•called Fluorism. These crystals are monorefringent and become phos- 
phorescent under the influence of heat or Hght Some substances are 
phosphorescent only while they are under the influence of the rays of 
light, but others remain so afterwards for a longer or shorter time. 
Fluorite is one of the latter. The same specimen often shows several 
•distinct colorations. H[,.-=4. O, =3.01-3.25. Composition, Ca=51.3, 
Fl=48.7. 

Pyr. &c. B. P« It decrepitates, becomes milk white and ftises to 
4in enamel, coloring the flame red (Ca). With Salt of Phosphorus, gives the 
reaction for Fl. When it contains foreign substances, it remains colored, 
except when the colorations are produced by organic matter. It is in- 
soluble in UCl or IJ; S dissolves it easily without effervescence, giving 
off H Fl. which attacks glass. 

It is also found concretionary in layers, which usually show a very 
marked difference of color. The line of junction of these different layers 
is usually zigzag, caused by an attempt at crystallization. The color of 
these masses is often green, violet or rose. In this condition it is some- 
times used to make o^namental objects. It was of this variety that the 
Murrhina vases, so much esteemed by the ancients, were made. In 
this condition it is very frequently associated with Quartz. It is 
also found saccharoidal or granular with a grayish color. It might 
in this condition be mistaken for Barite, but its density will distinguish 
it. It is found compact, as the gangue of some veins. These masses 
have a smooth, conchoidal fracture, sometimes scaly. Their colors 
are generally feeble and unequal in different parts of the mass. In 
this condition it might be confounded with Barite, Petrosilex and Agate. 
From the last two, it is distinguished because it is easily scratched by the 
knife ; from Barite, by its density and a test with S. Where it is semi- 
crystalline, it sometimes resembles the emerald, but differs from it by its 
hardness. It may also resemble certain varieties of Wernerite, but is 
distinguished by the cleavage, which is distinct and vitreous in Fluorite, 
while it is resinous and scaly in Wernerite. It also resembles Apatite, 
but is insoluble in all but B, while Apatite is soluble in other acids 
without residue. Among the varieties, there is one which contains a small 
proportion of iltl ; it shows opaque and transparent part^, which are quite 
hard and strike fire with the steel. These contain Si or il, or some- 
times both. Perhaps these two substances are in the state of Si Fl, or 
perhaps as a lluosilicate of lime. In many localities the crystals of 




LECTURES ON MINER A LOG V. 95 

iluorite which were formed have been afterwards destroyed, and have 
eft cavities in the rock which have been afterwards filled with Quartz. 

Y our ordinary methods we are forced to consider Fluorlte insoluble, 

hich shows that we do not understand the method by which this pseu- 
omorph has taken place. Under the name of Derbyshire Spar, it is 

uch used as an ornament. It is largely employed. in making hydro- 
uoric acid, which is used for engraving glass or silicious minerals. It 

largely used as a flux for reducing ores and hence its name. It is 
bund in the U. S. in veins, sometimes associated with metals. At Trum- 
uU, Ct, it is associated with Topaz ; at Amity, N. Y., in narrow seams 

ith Spinel and Tourmaline. 



FORMULA OF THE CRYSTALS. 

PI XV. 

Mg. L ooOoo. Fig. 2. 0. Fig, 3. 0. ooOoo. Fig. 4. ooOoo 

Fig. 5. ooOoo. 202. Fig. 6. 0. ooO. Fig, 7, ooOoo. ooO. 

^JF^.H. 00 03. Mg.d. ooOoo. oo0 3. Fig. 10. ooOoo. 40 2. Fig. 

~aL 402. Fig.U. csoOoo. ooO. 202. 30. 40 2. i^. 13. Twin 

rystal. Fig. 14. Twin crystal. Fig. 15. 202. Distorted to the 

^--obliteration of some of the faces and forming a scalenohedron. Figs. 

^6, 17, 18, 19, 20. 0. Forms obtained by cleavage. 

Apatite. Oa* P+i Ca (01, F). Hexagonal. 
8yn. — Asparagus Stone, Ohaux phosphat^e, Phosphate of Lime. 

It has an imperfect cleavage parallel to the base, and a less easy one 
T)arallel to the prism. Its fracture is unequal, conchoidal, rarely lamellar, 
^ut generally smooth and brilliant. Transparent or opaque. Crystals 
-^f Apatite have generally the forms of the hexagonal prism, which is 
-often striated in the direction of the vertical axis. The colorless crystals 
from St. Gothard, frequently have the hemihedral forms with parallel 
faces, Pl.XY.F^. 25. Sometimes the crystals are very much distorted, 
— Fig.l^ P/.XyiThe crystals have often the appearance of having been subject- 
ed to the action of some solvent, which has rounded the faces and given 
them a vitreous appearance. This is sometimes carried so far that the 
faces of the crystal are entirely rounded, losing all trace of their form. 
Such crystals are usually disseminated in a gangue of Talc. The streak 
is white. The lustre of Apatite is generally vitreous on the plane faces, 
but when the faces are curved the lustre is rather resinous. The colors of 
Apatite are very various. In some places, as in the Alps, especially near 
St Grothard, small transparent crystals are found, which are colorless and 
have a very brilliant lustre. They are oftenest found in cracks in the 
focks, and the crystals have a large number of faces. Grenerally, however. 
Apatite is found in large crystals, which are yellow, green, blue or violet 
The colors are not quite so brilliant as those of Fluorite. H.=4.5-5. 
<S. =2.92-3.25. Composition, P 40.92, Oa 48.43=89.35 ; CI 6.81, Ca 3.84 
or 1^42.26. Ca 50=92.26, Ca P; F 3.77, Ca 3.97. Sometimes the P is 
replaced by is. 

Pyr. &c. B« P. Fuses with difficulty on the edges at 4.5, coloring 
the flame red (Ca). It is soluble in HCl and !&, without residue. This re- 
--action is not absolute, for when it contains Ca Fl, there is a slight residue. 
It is sometimes phosphorescent in the dark, especially in powder. 

In Sweden, at Rossie, in the state of New York, and in Canada, very 



96 LECTURES ON MINERALOGY. 

large crystals have been found which are almost always green. They have 
a calcareous gangue, and have a six-sided or basic termination. They are 
frequently contorted or bent. These crystals have very often a rounded ap- 
pearance and a very resinous lustre. In certain rare cases, Apatite might be 
mistaken for emerald, but can be distinguished from it by its lustre, hard- 
ness and cleavage. Apatite is sometimes found in grains, with traces of 
cleavage. These grains are easily distinguished by their lustre. In 
Spain, an earthy variety of Apatite is found, which, without examination, 
might be mistaken for a silicate. Its fracture is semi-crystalline, or fibrous^ 
in some parts. It can be distinguished by the blowpipe and its solubility 
in acids. A compact variety, resembling an impure limestone, has been* 
found near Charleston, S. C. It is used in making fertilizers. 

FORMULiK OF THE CRYSTALS. 
PI XV. 

Fig, 21. ooP. P. Particularly on Moroxite. Fig. 22. ooP. OP. P. 
The most usual form. The prismatic faces often striated by ooP2. F%g^ 
23. The nreceding, with 2P2. Fig. 24. ooP. OP. ^P. 2P2. 
F\g. 25. boP. OP. P. 2 P. 2 P 2. 3 P f . P2. oo P 2. From St. 
Gothard and interesting, owing to the hemihedral occurrence of 3 P J^ 
andooPf. i^. 26. ooP. aoP2. OP. iP. P. 2P. P2. 2P2. 
4P2. PL XVI. Fig, 1. Distorted crystal, with the following form. F%g^ 
2. 00 P. ooP2. OP. iP. P. 2P. 2P2. 3P}. 4PfP2. 

Pharmaeolite. (4^ 6a+i ^)* Ss. MoKOcuNfc. 

CrystaUizes as an inclined rhombic prism of 111° 6'. It is usually- 
found as the product of the alteration of metalUc sulphides, especially of 
Nickel and Cobalt, in presence of lime. It is usually found in crystalline 
needles, or in cotton like efflorescences. Fracture, uneven. Lustre, 
vitreous. Cleavage, parallel to the clinopinacoid. Translucent, opaque. 
Color white, gray, or tinged red with cobalt. Streak, white. 0.=2.-2.5. 
Cr.=2.64-2.73. Composition, ls=51.1, Ca=24.9, fl=24. Its formula 
varies somewhat, but it is always hydrated. 

Pyr. Ac. H. P. Yields fi in a closed tube. In 0. F., fuses with in- 
tumescence to a white enamel ; on charcoal in R. F. gives an arsenical odor- 
and fuses to a transparent bead. Insoluble in B^, but soluble in acids. 

FORMULAE OF THE CRYSrALS. 

PI XVL 

Fig, 3. OP. -P. 00 P. a> P OD. i P cc. 

AraKOuite. Ca 0. OKTHORHOMsia 

Stn. — Arragon Spar, Flos Fern, Eisenbluthe. 

Crystals of Aragonite are rarely ever simple. When they are, they 
usually have the form Figs. 4-10, Pi XTI. The exterior of these crystals 
shows a form which is generally more simple than their real structure. 
Their section frequently shows a hemitrope around the prism. Fig. 12. 
Instead of being like Fig. 12, sometimes the crystals are hemitrope several 
times and then have a s-^ction like /V<;. 13. Tiie complex crystals show a 
base which is sfroovod or, at least, striated, and this shows its twin forma- 
tion. They also sometimes have a tormation which is more or less com- 
plex, where the ditVerent iTYslals can be distmctly seen, as in Fig, 17, 
which is made up ot' several crystals. The angle of Aragonite is very 
near TJO' aud it thus tak.'s these limit tbrms, wtiich are so near to the 
hexagonal pr\s:n, ?-s i*i Wni.trite ar.d Strom if.i»ite. 









i 



LECTURES ON MINERALOGY. 97 

Aragonite is found in great abundance and especially in iron mines, as 
B Bastenes, in France. At Aragon, in Spain, it occurs in crystals, ap- 
.arentl^made up of the hexagonal prism and base. These • crystals are 
ally made up of four or six simple crystals and are very complex, as 
e striations on the surface show. They sometimes have a hollow cen- 
or a cavity, from which other crystals start, Fig. 14. In other iron 
ines, especially at Framont, in the Vosges, and at Rossie, N. Y., a 
udo-hexagonal pyramid is found, which is made up of an acute rhombic 
ctahedron and brachydome. The crystals of this last variety often pass 
to bacillary crystals, made up of almost parallel baguettes^ which are 
•ometimes arranged in diverging branches terminated on the surface by 
^aces of crystals. These masses do not show any sign of cleavage, and 
ually have an unequal and conchoidal fracture. When the baguettes 
e very fine and arranged close together, the liacture is silky. 
It has three cleavages; parallel to the brachypinacoid it is distinct, but 
"t is imperfect, parallel to the prism and brachydome. Its fracture is 
caly or subconchoidal. Its lustre is bright, vitreous or slightly resinous, 
'^^^specially in the concretionary varieties. Transparent or translucent, 
olor, white, gray, yellow, green and violet. Streak, white. H,=3.5-4. 
.=2.927-2.947. Composition, Ca 56, 44. 

Pjrr. Ac. B. i*. Heated in a tube, Aragonite decrepitates, and 

akes the form anddensity of ordinary Calcite. thus losmg trom 3 to 4^ of 

t6 own. Whitens, falls to pieces and then acts hke Calcite. With acids, 

\i effervesces slowly. 

Aragonite is Oa C, crystallized under peculiar conditions. Calcite ordi- 

arily crystallizes in the hexagonal system, while Aragonite is orthorhom- 

ic, the angle of the prism being 116" 10'. It is isoiuorphous with 

'IV^herite and Strontianite, with which it sometimes occurs. It not only 

i flters from Calcite in its form, but also in its associations and its position. 

^ -I'hus, while hexagonal Ca C may be reproduced under ordinary tempera- 

^%ures, when that temperature is raised to 60° or 70°, it crystallizes ortho- 

:Kbombic with the form of Aragonite. The conditions of crystallization 

'■nay also be modified by causing it to take place in the presence of foreign 

.substances. Thus the addition of salt allows of the formation of Arago- 

xiite at a lower temperature. This is a remarkable dimorphism produced 

T)y change of condition, and it is all the more remarkable, as it is the 

transition between the prismatic and rhombic carbonates. This same di- 

^norphism was thought to be shown in Siderite, and Dufrenoy thought he 

<h8C0vered a carbonate called Junckerite in right rhombic prisms of 118°. 

In large masses its colors are frequently disposed in concentric zones. 
A variety is found in small bent stalactites, which is called coral Aragonite. 
Its fracture is radiated and fibrous. It is also found compact when it 
resembles Calcite very much. It is, however, distinguished by its want 
of cleavage and its decrepitation with the blowpipe. It is distinguished 
by its density, from Witherite and Strontianite and, by the blowpipe, from 
Barite and Celestite. It is frequently found in lavas and other volcanic 
rocks, where it lines cavities. It might be confounded with some of the 
Zeolites, and especially with Natrolite, on account of its radiated form. 
But it can easily be distinguished with a glass, as the crystals of Natrohte are 
terminated by a pyramid, while those of Aragonite have either domes 
or very acute terminations. The distinction can be made by a blowpipe 
test^ or with acids. It is also found pseudomorphic of certain ibssil 
ipecieB. Thus the Inoccramus Cuvieri Ibund in the chalk, is Aragonite, 

7 
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while the Echinoderms, asociated with it, are Oalcite. Associated with 
certain metals, it takes different colors; with copper, it is green; with 
cobalt, it is rosy or violet. c 

FORMULA OF CRYSTALS. 
PI XVL 

Fiy. 4. X P. 00 P oo. P oo. Fig. 5. The preceding, with P. Fig. 6. 
The preceding, with 2 P 2. Fig. 7. oo P. 2? oo. OP ; from Spain. Fig. 8. 
00 P. 00 P 00. OP. The base is striated parallel to the brachy diagonal. Fig. 9. 
6 P f . 6 P 00. This form is the basis of the pointed crystals. Fig. 10. 6 P|^. 
xP. xPoo. OP 00. Poo. Fig. 11. Section of a twin crystal, showing 
the striaiions. Fig. 12. Section of a twin ; composition face, oo P. F\g. 13. 
Trilling, consisting of three individuals. Fig. 14. Crystal, consisting of six 
individuals. Fig. 15. Crystal, consisting of four individuals. The pointed 
crystals are often twinned in this way. Fig. 16. Trilling crystal. Fig. 17. 
Composite crystal, formed by interpenetratiou, as in the crystals from 
Spain. Fig. 18. G-roup of four crystals, ooP. 2 Poo. Fig. 19. Twin crys- 
tal, 00 P. 00 Poo. Poo. Fig. 20. Twinning many times repeated, with 
successive reversed layers. 

Calcite. Ca 0. Hexagonal. 

Syn. — Calcareous Spar, Carbonate of Lime, Kaikspath, Kalkstein,* 

Chaux carbon at^e. 

The crystalline forms of Calcite are very numerous, the largest of knj 
known mineral. De Bournon, in 1808, described 691 forms of Calcite and 
49 of A.ragonite. We sliall only speak of the simplest of the ordinary 
forms and of the most interesting of the composite ones. These give rise to 
nearly all the possible macles of the hexagonal system, most of which have 
been found in Calcite. When it is perfectly pure, it crystallizes in rhombo- 
hedra of 105° 5' ; which ani'le however is not invariable, because Calcite is 
very often, we might say always, mixed with Mg, Fe or Mn. These carbo- 
nates are also rhorabohedral, with angles only slightly different from those of 
Calcite, so that, while the crystalline form is not very much altered by this as- 
sociation, it is nevertheless somewhat modified. The angle of the rhombo- 
hedron is thus diminished or increased a little by the presence of these 
isoraorphous carbonates, but it always oscillates around the angle 105°, 
and the variations are very small, not exceeding 2°. 

* Calcite has been found in 50 or 60 different rhombohedra. Of these, four 
are the most remarkable. The first is the primitive rhombohedron R, F^. 
22, PI, XVI. which is rarely found as a crystal The second, —^ R, is tangent 
to the first, and is remarkable for being quite flat, F^g. 21 ; it frequently k^x. 
curs rounded. The third, -2 R, is the one to which the primitive rhombohe- 
dron is tangent; it is acute and is the one in which the Fontainebleau sand- 
stone usually occurs, Fig. 23. It is referred to under Quartz. The fourth, 
4 R, is very acute, Mg. 24. The fifth, -| R, is the very rare one which is 
called the cubic rhombohedron, as it has an angle very near 90°, F^. 27. 
When the rhombohedron 4 R, is truncated on the terminal angles, we 
have a form which very much resembles an octahedron Fig. 1, PL XVIL 
when truncated below the angle, it resembles an hexagonal prism. 
Calcite is fi-equently found in ho-xagonal prisma, resulting from tangent 
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lodifications on the edges or angles of the rhombohedron. These two 
prisms may be readily distinguished by the different positions of the 
33iirrors of cleavage ; they frequently show the base and are often termina- 
"fced, in which case it will be very easy to distinguish the rhombohedra and 
"•iie prisms. This association of the prisra and rhombohedron, frequently 
:^esembles a rhombic dodecahedron, but the angles differ, the vertical faces 
Tbeing inclined to each other 120'', while the three rhombohedral faces have 
^he angle 105°. By a hemihedral modification of one or the oiher of 
— ^ese hexagonal prisms, a trigonal prisra is produced. Calcite is also found 
.ats scalenohedra or as rhombohedra modified by the faces of a scalenohe- 
<^ron, either on the vertical or horizontal edges. The combinations of 
"t^ese forms with the hexagonal prism are also found, as well as with the 
"3iexagonal and dihexagonal pyramids. Besides these comparatively simple 
""^orms, there are other maclod varieties formed by joining rhombohedra 
-4md hexagonal pyramids, or by twinning them on the vertical axis with 
"the angle 60°. In the case of the soalenohedron, the hemitropy is formed 
--^uroand one of the faces of the primitive rhombohedron R. This hemi- 
" tarope is remarkable for the great development of one the faces of the 
^tcalenohedron, Figs. 27, 28. The faces of the rhombohedron -^R are 
•-frequently rounded, and, as they are very flat, the crystals are often very 
.much distorted. The carbonate of hme is then very impure and, the differ- 
' -^nt carbonates not taking the same angle, the form is the resultant of them 
4ill, which will be a curve, and the effect is that the cleavage plane is also 
^ curved with it Crystals of Calcite are frequently striated, the stiiaj usually 
o^ulting from a hemitropy, which is usually around a normal to one of 
'the faces of the primitive rhombohedron. It has three easy cleavages 
l>arallel to the primitive rhombohedron. The fracture is conchoidal, but 
~ 18 rarely seen. The lustre is vitreous or earthy. Transparent, opaque. 
^ TPhe colors are not generally very decided. It is usually white, some- 
times yellowish, gray, red, green, blue, violet, yellow, brown and black. 
~*rhe streak is white. It is double refracting. 0,=2.5-3.5. Cr,=2.508-2. 
729. Composition, 6a 56, C 44. 

Pyp. &e. H. P. In a tube sometimes decrepitates. It is infusible, 

~l)ut gives a very luminous flame, coloring it red, (Ca). It is the same 

phenomenon on a small scale, that is produced with the Drummond Light. 

When heated, it loses 0, and becomes Ca ; when this is moistened on the 

finger, a sensation of heat is produced. It effervesces very rapidly with 

-acids. 

Calcite is one of the substances most extensively found in nature. 
It is the gangue of many veins either pure or mixed with other mine- 
rals, and alone composes the larger part of the sedimentary formations. 
It is found crystalline, imperfectly crystalline, lamellar, saccharoidal, 
iMieillary, fibrous, concretionary, compact and earthy. It is aU»o found 
in lamellar masses, in which the cleavage shows itself to a greater or 
less degree ; these lamellae become saccharoidal, and are often very 
small. A lamellar variety is found in some localities, which has a 
very peculiar appearance. It is in larpre, very thin lamellae, placed one upon 
-another, with very sli«iht adhesion, so that they are easily separated and 
resemble a cleavage. It is not, however, for all these planes ot"scj)aration 
4tfe limited by a cleavage ])lane. The real cleavage thus exists across the 
lamellas. Their edges usually show a modification which can be seen with 
a^ass, and which would, if carried out, form the primitive rhombohedron. 
These lamellae simply adhere to each other, but the whole mass is full 






100 LECTURES ON MINERALOGY. 

of gmall empty spaces which separate them so that there is in this 
variety a very decided pearly histre, which might c«ause it to be mistaken 
or Dolomite, which, however, never has this disposition of superposed 
lamellae. Calcite is often found in bacillary masses formed by the union 
of imperfect crystals, which often come to the surface teiminated 
with an acute rhombohedron, or sometimes with a very obtuse one; these 
varieties are sometimes diverging, and sometimes parallel. It is also- 
found as stalactites made up of concentric zones. These masses are some- 
times suspended from the upper part of the cavity, in which case they are 
called stalactites, but when they form on the floor of the cavity they are 
called stalagmites. The stalactites are usually conical and come down to- 
a small point, and are frequently connected with the stalagmite below. 
The stalagmites are often flat, but are also made up of concentric zones.. 
These masses are often colored, especially by iron, which gives a different 
color from one zone to another. Some of these masses are very much 
sought after in the arts, under the name of oriental alabaster. 

The least foreign substance, which may be introduced into water charged 
with carbonate of lime will give rise to a concretion. A grain of sand which 
is thrown up and down by the force of a spring of this kind will form a 
pea-shaped concretion, especially if the water is made to bubble or move 
in any way, so as to lose a part of its G in excess. When the force of 
the spring is not strong enough to agitate these globules, after they have 
got to a certain size, they fall to the bottom and soon become soldered 
together by the calcareous deposit, which the water gives up, so as to form 
a mass which is called Pisolitic limestone. On breaking any one of the 
globules the concretionary structure can be recognized. Upon the sides 
of some mineral veins, Calcite is found in very fine fibers, having a fine 
silky lustre. It is found more frequently in saccharoidal masses, often 
colored by mixtures with foreign substances, and is then called limestone. 
One of the most remarkable of these varieties is the fetid limestone. Thi& 
is colored black by organic matter, which is probably of animal origin, and 
when breathed upon or struck, emits a very disagreeable odor. When lime- 
stone it is found with a very fine granular fracture, almost compact, it ia 
used for Uthographic stones. It is also found with an entirely compact 
and earthy fracture, and it is in this state that it exists as the rock of by 
far the larger part of the geological epochs. These are either deposits lelb 
by the evaporated waters, or sometimes chemical precipitates. In this con- 
dition the carbonate of lime is very impure, and is mixed with foreign sub- 
stances, especially silica, so that the fracture is frequently conchoidal In 
large masses the rock appears like clay, but it does not adhere to the tongue^ 
nor give out the argillaceous odor when breathed upon. If it is very argil- 
laceous it is called marl, which has some of the propeilies of clays, but i* 
can always be distinguished from clays proper by the action of acids. It if 
sometimes found exhibiting irregular cavities, somewhat like the silea 
called millstone, but is easily distinguished from it by acids, and by its hard 
ness. The hardnesi^, however, cannot always be depended upon lor distinc 
tion, for it is clear that with sufficient silica limestone may be exceedingly 
hard. It is also found pulverulent, but much more rarely, and only be- 
tween beds of limestone or in cracks, and never has any other than 
negative characters. It is soft to the touch and does not attract the 
tongue; the eftervescence with acids will easily distinguish it from 
other pulverulent substances. It appears to have been deposited from 
caknureous waters which have lost their Q. It is also found in con- 
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^csretions where the caustic lime, in contact with water and G of the 
^Bur, has become carbonated on the surface. Waters which are charged 
'^with Oa easily form incrustations, and it is possible to direct these concre- 
r^ions, in such a way as to cover an object with carbonate of lime or to 
.^caould a delicate medallion with any degree of exactitude. These incrus- 
^^ations are generally made by placing the object in such a position, that the 
^ater drops upon it. In this way the water loses the excess of C by virtue 
>f which the carbonate of lime is dissolved, and the latter is then deposi- 
The most celebrated of these fountains are at Tivoli, Carlsbad and 
^uvergne. Oalcite may form pseudomorphs, which when they replace 
organisms are commonly called petrifactions or fossils. These pseudo- 
Lorphs are not formed after the manner of silica, as the carbonate of lime 
Ices not take the structure of the organisms, but is only a mould of the 
^interior, and sometimes only of incrustations on the outside. 

Under the name of marble, several varieties of Calcite are included, 
^which are sought after in the arts, just as we have distinguished Jasper 
^.^is Quartz under certain external conditions. A number of different quali- 
«^es are requisite for marbles. Those which are colorless.or only slightly 
•<x)lored, should be translucent on the edges. The pure varieties which 
.fulfil this condition, have a saccharoidal or at least a granular frac- 
"tore, like the marbles of Carrara or Paros. Other marbles have a 
•compact fracture, but they must be capable of receiving a bright polish. 
"WTiat is sought after particularly is the disposition of the coloring 
^vnaterial; these colors may be uniform white, black, yellow, or red. 
What is most desired in such marbles, is that the color shall be uniform 
ithroughout. Marbles of variegated colors are also much sought after. 
Marbles colored in veins of black and white are called St. Anne. The 
-marble of Numidia, so much sought after by the ancients, was yellow and red. 
"The translucent onyx of Algeria is white, with orange yellow veins, but 
there are a very large number of other varieties which are very much sought 
for. Marbles are not always exclusively composed of carbonate of lime ; thus 
the marble called verd-antique is filled with veins of Serpentine and Talc. 
There are other varieties of marble, which are called pudding-stone and 
4}reccia. These are pebbles of Calcite, held together by a cement of carbon- 
ate of lime which is of another color. When the fragments are rounded, 
they are called pudding-stone, when angular, breccia. There are also mar- 
bles, which contain the fossil remains of organisms, generally shells which 
are found in calcareous rocks of diflferent color from themselves ; some of 
these are black with white shells, or white with red shells. The one called 
black granite is black, but has white Encrinites scattered through it like 
crystals of Albite in Melaphyre. Among these shell-marbles, is one known 
by the name ofLumachelle, which is peculiar. The shell, although fossil, 
has not completely lost the pearly color and iridiscent hues, which give great 
brilliancy of effect to the stone. Another is the marble made up of the 
juxtaposition of kidney-shaped masses. The calcareous deposits which 
"were formed have become cracked in every direction and these cracks 
have been afterwards filled with carbonate of lime of another color. 
When the section of one of these stones is properly taken, peculiar mark- 
ings appear, which give the idea of ruins. These marbles are not very 
much sought after; they are found in Tuscany, and are known as ruin- 
marble. A remarkable variety of carbonate of lime is the one which still 
orystallizes as rhombohedra, but which contains from 10 to 12 ^ Pb 0, 
^hich is prismatic in form. The rhombohedron will consequently have 
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a different angle than when it is pure. It is found crystalline and lamellae 
and resembles Calcite. 

FORMCTLiB OF THE CRYSTALS. 

PI XVL 
Mg. 21. ^K. Mg. 22. R. Primitive and cleavage rhombohedroiu 
Mg, 23. -2R. Mg, 24. 4R. Fig, 25. 13 R. Fig, 26. 16 R. OB. 
Fig, 27. -f R. Angle=88'' 18' and resembles a cube very much. Fig^ 

28. 00 R. OR. Fig, 29. ooR. -^R. Fig, 30. -JR. ooR. F^. 31. 
R. 00 R. Resembles a dodecahedron.. Fig, 32. -2R. ooP2. Fig, 33. 
-2R. R. Fig. 24:, -2R. -JR. PZ. XVIL i?ty. 1. 4R. OR. Resemble* 
an octahedron. Fig, 2. 16 R. -JR. FKg, 3. -2R. -2R2. Fig, 4. 
4K R8. Fig. 5. ooR. R2. -JR; R2 is generally striated parallel to 
the edge of R. Fig, 6. R2. |R2. R. Fig, 7. oo3. The most fre- 
quent scalenohedron. Fig, 8. oo3. ooP2. Fig. 9. oo3. ooR. -2 cxj 
i%r. 10. R3. QoR. -1^3. J^. 11. R3. ooR. iR3. i^. 12. oo3. 
R i?^. 13. ooRoo3. -iR. Fig, 14. ooo. oo3. 4R. R. Fig, 15» 
cx>3. iR3. -JR. R. -JR. In large complete crystals, fipom Derbyshire; 
with the base, as in the figure, from Ahrnthal, Tyrol. Fig, 16. -|R. 
OR. R; |R=88'' 18', very much resembling a cube. Fig, 17. ooR. -2R. 
OR. i^. 18. aoP2. ooR. OR. 4R. -2R; ooP2 is striated parallel to 
the edge of R. Fig, 19. Twin crystal; composition-face -J R. Compo- 
sition often repeated. Fig, 20. Twin ; composition-face oo R. Fig, 21. 
Twin ; composition-face R. Fig, 22. Twin ; composition-face -J R. 
Fig 23. Twin, oo R. -J R ; composition-face OR. Fig, 24. Twin, R 3 ;. 
composition-face OR. Fig, 25. The same, with the modificationb 
iR3. Fig, 26. Twin; composition-face -2R. FKg. 27. Distorted 
scalenohedron showing the twin plane -JR. Fig.2S, Twin of same. Jf%g^ 

29. Twin ; oo R. R 3. composition-face R. PI, XVIII. Fig, 1. Twia 
of i^. 13, PZ. XVII. composition-face R. Fkg,1, Twin , composition-tace- 
R, Fig, 3. Distorted form of Fig, 12, PI, XVII. Fig, 4. Nail-head orystay 
from Przibram. Fig. 5. Prism terminated with R. and containing inside 
R 3 tipped with a cube of Fluorite ; Phenixville. Fig, 6. Prism rounded 
by indistinct scalenohedral planes and completed with -JR ooR; fron^ 
Bristol, Ct Fig, 7. The same in the more usual form. Fig, 8. R. 
OR. The basal planes being sunken. Fig, 9. Top of a crystal, F'g. 29, 
PI, XVI. showing the symmetrical arrangement of small crystals of Pyrite 
within the crystal. Fig. 10. The same as the preceding. 

Dolomite. Oa C+Mg G. Hexagonal. 

8yn. — Bitterspath, Perlspath, Pearl Spar, Braunspath, Brown Spar^ 
Rhomb Spar, Tharandit, Chaux carbonatee magnesifere, Miemit. 

It crys tallizes as a rhombohedron, the angle of which, on account of itft 
variation in composition, oscillates between 100* 10' and 106** 20'. Tto 
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£>rm of the crystals is not very varied. It is generally the primitive 
ihombohedron, which is quite rare in Calcite. The faces of the crystals 
are often curved, which, however, does not prevent the cleavage from 
being perfectly plane, and they are often covered with a powder, which 
18 not generally found on the plane faces. These faces do not reflect the 
light ray well, and the crystals consequently have a pearly lustre, 
especially on the cleavage faces. 

It is rarely found in hexagonal prisms. The varieties which have this 
fonn are rarely ever pure, and generally show in their section hexagons of 
different colors. There is also found a rhombohedron, —J- R, which is 
always more or less distorted, and is not very easily recognizable. It is 
often rounded and bent into a saddle shape to such an extent, that even 
the cleavage is affected. These crystals are not generally covered with a 
powder, but on the contrary have almost always a bright and pearly lustre, 
which has given to the mineral the name of Pearl Spar. It is found in 
some localities as the rhombohedron -2 R, the faces of which are curved, 
and covered with a pulverulent coating ; but arouud the terminal angle the 
faces are plane, brilliant, and are not coated. It has a rhombohedral clea- 
vage, which is much less easy than that of Calcite, so that the fracture of the 
crystal is often conchoidal. Its lustre is vitreous or pearly ; translucent, 
opaque. The colors of Dolomite are not very decided, usually grayish, 
brownish, white or black ; sometimes it is rosy, owing to the presence 
of iron, or manganese. A very rare variety, called Miemit, has a decided 
green color, owing to the presence of iron. O. =3.5-4. G. =2.8-2.9. 
Composition, Ca C 64.35, Mg C 45.65. 

Dolomite is a double carbonate of Oa and Mg. Frequently the two 
carbonates are together atom for atom, but most of the Dolomites whicii 
are found differ from this composition. In the analyses, however, of a 
large number of Dolomites, it will be seen that the composition oscillates 
around the formula, but many of the specimens contain more Ca or lilg 
than this. It is frequently associated with other hexagonal carbonates, as 
Sidente and Magnesite. 

Pjrr. Ac. B. P. Acts like Calcite, but by fusion with soda the 
presence of ilg can be ascertained. With acids, the Dolomite wiiich is 
near the type composition does not effervesce unless heated. With the 
others which differ more or less from this type, there will be an efferves- 
cence when cold, which will become less active as the compound changes 
to the type formula, when it will cease but goes on when heated. With 
a little practice it will be easy to distinguish the effervescence produced 
by Dolomite from that of Calcite, as the former is always very much 
slower. 

It is also found in bacillary masses which do not, however, resemble Cal- 
cite. It is usually a radiation of very small needles, making an angle of 
60° to 120°. It occurs to a very large extent in saccharoidal masses, 
which in their exterior aspect, resemble Calcite somewhat, but their struc- 
ture is not quite the same. Calcite is made up of interlaced lamellae, 
resulting from the penetration of large crystals, while in Dolomite it is 
little crystals which are juxtaposed, and which feel under the linger like 
sand. The feeling is like that of passing the hand over a rough sandstone 
or over a rasp. It has been found compact and with a conchoidal frac- 
ture, but never earthy. It is frequently white, but it is never translu- 
cent on the edges. It is frequently colored black or gray by bituminous 
substances, but it never has the odor of the fetid Umestone. Dolomite, in 
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whfttHvtir state it occurs, might be easily mistaken for Calcite, but two vety 
■iniplo reactions will distinguish them. If treated with S to complete 
Hohitioii, there will be crystallized needles of iSlg S if it is Dolomite, 
but a powder of Ca 3 if it is Calcite. Or, after having driven off the G by 
moAtiH of lieat, it can be attacked by 1^; if lime water is then added, a 
pHMiipitate will be produced if it is Dolomite, but none in the case of 
Oulriie. The cobalt solution may also be used. It is found at Lock- 
port, N. v., Smithfield, N. Y., and many other places in the U. S. It is 
HOtriHtlmes used for making lime; some varieties are used as marble. 
It Is alxo used in the manufacture of Epsom Salts. 

FORMITLJI OF THE CRYSTALS. 

pixwn. 

%, U. R -^2R. OR. R3. oo P 2. Mg, 12, Twin crystal; 
H. 2 U, U. Composition face c» R. Fig. 13. Section of a crystal 
nhowing the different colored bands in the formation. Mg, 14. R; faces 
f tiry muoh curved. Fig. 15. Saddle-shaped crystal, -JR. 



Seheelite. Ca W. Tetragonal. 
Hyh. — Sehweratein, Scheelspath, Scheelin calcaire, Tuirgstate of Lime. 

It in always found crystallized, but has many different crystaUine types ; 
thuy aiH» generally pyramids, with a large number of modifications and 
HdiutM iint^s two or even three pyramids of different orders. It is generally 
whitti «M* gray, with a very adamantine lustre. The crystals are frequently 
honiitrope. It has a pyramidal cleavage, and a much more difficult one 
parallel to the base. Its fracture is uneven. The lustre is adamantine or 
vitreoiis, nouu^tiuies bright and sometimes dull. It is rarely transparent, 
liut tVequeutly translucent Its colors do not show much variation ; it is 
whit»', lu'owu and yellowish ; or greenish, when mixed with foreign substan- 
oeH. Htrt^ak, white. O. =4 5-5.8. O. =5.9-6.076. Composition, Oa 
tU.-l, WHO.ti. 

1*1 r, At\ H, P. It is fiisible with difficulty to a transparent glass, 
and givtss the reactions for W. In HCl as in H, it dissolves with 
dinit'ult y, leaving a yellow residue which is W. 

ItH most distinctive character is its density, for, of all non-metallic sub- 
utanooM, it is the heaviest^ Sometimes the crystals are quite small and cover 
a gaML^ue which is uj^ually Quartz. The pyramids 2 Poo are usually very 
aoulo, and have curved faces. When the crystals are formed in this way 
t ho V are usually complete and seem to have penetrated into the gangue. 
The gangue has pre- existed however, for the crystals often make a crust 
whit^h ri>vtM'8 the surface of a crystal of Quartz, allowing the form to be 
diHlinolly setMi. The formation of this variety of Scheelite must have 
tuKon plaet* inytler peculiar circumstances, which are totally unknown to 
\\H, oanv ing with it some corrosive action which has attacked the ganprue. 
This liu't is all the more reiuarkable, as this gangue is made up of bodies, 
\\\\\o\\ aiv usually considered as not attacked by most of the agents at 
(lur t^onuuauil, as Quartz and Mica. It was found at Lane's Mine, Munroe, 
aud Huntington, Ct, associated with Wolfram, also in Nevada and North 
(Ur\tlina. 



( 
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FORMULJB OF THE CRTSTALS. 

PI XIX. 
Fig, 1. P. The primitive form. Fig, 2. P. |P. Fig, 3. OP 
:^ P ; often rounded. Fig, 4. P. 2 P oo ; occurs frequently. Fig. 6. 
P. 2 Poo. 4P2; the last form is hemihedral. Fig, 6. 2 Poo. P. 
OP. Flg.l, 2Poo. P. iP. OP. i^.8. iP. P. 2Poo. fPoo. 
4P2, in which 4 P2 occurs as a right octahedron of the third order. 
Fig, 9. P. 2 P 00. 4 P 2. } P 3 ; the latter as a left octahedron of the 
third order. Fig, 10. Interpenetration twin crystal of the preceding 
•combination. 

MAONESIUM. 

Bruclte. Mg d. Hexagonal. 

8yn. — ^Nemalite, Hydrate de magndsie, Texalith. 

The crystals are generally tabular in form and are combinations of the 
rhombohedron and base. They cleave easily parallel to the base and are 
flexible but not elastic. Its lustre is pearly or silky ; translucent or opaque. 
It is sectile. Its colors are white, gray, blue or green. Streak, white. 
H.=2.5. G.=2.35-2.46. Composition, ]ftg 68.97, S 31.03. 

Pyr. &e. B. P. Swells and becomes opaque, giving very bright 
lustre to the flame ; it is however infusible. With cobalt solution, it gives 
the characteristic color of fig. It sometimes becomes opaque, absorbing 
•^ from the air. When pure, it is soluble in acids without effervescence 
or residue. 

Resembles Talc, and feels soapy to the touch. The blowpipe will 

distinguish it, forBrucite swells, while Talc does not. It is also soluble in 

=acids, while Talc is not. It is found as Nemalite at Hoboken, N. J. 

Large crystals are found at Woods Mine, Texas, Lancaster Co., Pa. It also 

-occurs in crystals, lamellae or fibers associated with Serpentine and Chro- 

rmite. 

FORMULA OF THE CRYSTALS. 

PI XIX. 

Mg, 11. R. OR. 2R. Fig. 12. R. OR. -4R. -JR. 

Ep§oinite. iSlg S+7 S. Orthorhombic. 

Syn. — Epsom Salt, Bittersalz. 

Crystallizes as a right rhombic prism of 90* 34'. Its forms are usually 
hemihedral, generally sphenoids. It has a cleavage parallel to the brachy- 
pinacoid. Its lustre is vitreous ; transparent, translucent ; color and streat, 
white. H.=:2.25. G. = 1.685-1.751. 

Pyp. Ac. H. P. Gives off water in a tube, and dissolves in its water 
-of crystallization. On Ch., fuses and gives an infusible mass; very soluble 
in fi, and has a bitter taste. 

It is found in certain localities, especially in Spain, in long parallel 
fibrous masses, which become detached in the air, and lose a portion of 
their water. It resembles Mirabilite, but is distinguished by the addition 
of lime water, or an alkaline carbonate. It is also found in fibers 50-60 
-c. m. in length, which form in cavities. Also in the limestone caves of the 
•'We8t, particularly in the Mammoth Cave, Ky. 
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rOBMTTLiB OF THE 0RT8TAL& 

PI. XIX. 

p 

Fig. 13. 00 P. P. Fig, 14. oo P. "Y 

Boraclte. Mg' B^ + i Mg GL IsoMBTBia 

Syn. — Magndsie borat^e, Borazit. 

The crystals of Boracite are remarkable for their hemihedry. It occarB> 
gometimes as the cube and tetrahedron, Fig, 15, PI. XIX. sometimes as the- 
cube, tetrahedron, trigonal trisoctahedron, and rhombic dodecahedron* 
Sometimes it is found with the cube, tetrahedron and rhombic dodecade- 
dron, but rarely with the cube and rhombic dodecahedron without the 
tetrahedron. This constant hemihedry is accompanied with peculiar- 
physical properties, the mineral being pyroelectric in the highest degree. 
It is almost constantly associated with Gypsum and sometimes with Anhy- 
drite. Its fracture is conchoidal, but tlie fracture of the crystal some- 
times shows traces of cleavage parallel to the octahedron. Its lustre is^- 
vitreous, sometimes very decidedly so in the transparent varieties. It i»-- 
generally transparent or translucent, but sometimes opaque. Boracite i&- 
generally colorless, though occasionally it is gray, bluish or greenish. The- 
streak is white. 0.=7, in crystals, but only 4, when massive. 0.= 
2.913-2.974. Composition, B 62.6, Ag 26.8, Mg CI 10.6. 

PjT, Ac, B. P. Gives off water in a closed tube and is fusible withi 
intumescence to a globule, coloring the flame green. The bead on cooling - 
becomes covered with crystalline needles ; this is quite peculiar to Bora- 
cite, only one other mineral, Pyromorphite, doing the same ; from whichu 
it can be easily distinguished by every other chemical and physical char— 
acter. It is soluble in acids without effervescence, and this solution colors - 
the alcohol flame green with B. 

FORMULiR OF THE ORTSTALS. 

PI. XIX. 



Hg. 15. ooOoo. -^' Fig, 16. cx)Ooo. ooO. -q- The most usual)i 

' 

form. Fig, 17. ooOoo. ooO. -y --y Fig, 18. ooO. --2' "2"'- 

202 

00 Oo). - — 2 — ^9- 1^- "o" ooOoo. 00 0. Ftg, 20. "2"'""2''" 

50| 202 

ooOoo. 00 0. -IT — Fig. 21. ooOoo. 00 O. -2- "'2" 2 ' 

lllai^ne§ite. "Slg G, Hexagonal. 

Syn. — Magnesie carbonatde, Breunnerite, Talkspath. 

The primitive form is a rhombohedron of 107° 29'. The angle is^ 
variable, as there is usually some t*e or Ca present. It is generally crys- 
talUzed, and the crystals are usually imbedded in some ganofue, generally 
talcose schist or Chlorite. They are generally the primitive rhombo- 
hedron, with a basal termmation and the faces are often rounded. It has- 
an easy cleavage parallel to the faces of the rhombohedron. Fracture^ 
conchoidal or flat ; lustre, vitreous or silky ; transparent, opaque. Color 
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white, yellow or brown. H[.=3.5-4.5. Cr.=3.-3.08. Compositiom 6 
54.4, % 47.6. 

Vyr» Ac. B. P. Heated in a closed tube, it gives off water, and 
acts like Dolomite. It is more easily soluble in acids than Dolomite, but 
it must be heated to effervesce. It is infusible, but glows intensely (SLg). 

The color is white, if the carbonate is pure, but it is generally brownish 
or reddish, on account of the presence of iron or manganese. It is 
found in many localities in the U. S., and is much used for making Epsom 
Salt& 

Spinel. Mg £1. IsoMETBic. 
Stn. — Pleonaste, Ceylouite. 

It occurs generally in octahedra, but more rarely in rhombic dodecahedra^ 
which sometimes show modifications of the tetragonal trisoctahedra. The 
ocfahedra are very frequently flattened parallel to the faces of the octahe- 
dron and are very often hemitrope. The cleavage is parallel to the octa- 
hedron. Fracture, conchoidal j lustre vitreous or dull ; transparent, opaque. 
It has a great variety of colors, which are generally shades of red, blue^. 
green, brown, yellowish brown and black. The red Spinel is sometimes 
called the Balas ruby, and contains alumina, magnesia and chromium. 
The chromium is in the allotropic condition, which gives to its salts their 
red color. The crystals sometimes contain traces of manganese, which 
gives to them a somewhat violet color. Its streak is white. II,=8. €f. 
=3.5-4.9. Composition, XI 72, Mg. 28. The magnesia may be replac- 
ed by lime, iron, maganese or zinc, separately, or in combination. 
Alumina generally takes the place of a base, in Spinel however, it plays: 
the part of an acid. Spinel is not really a mineral species, but is rather 
the nanfe of a family of minerals, which are similar in composition and 
crystalline form, and probably in the conditions of their formation. They 
all group themselves around the oxygen ratio of 1 : 3. The B is some- 
times XI and Ve, and sometimes Ti, which seems, with some % to play the 
part of fi (It Ti=fi). It has been decided to include under the name of 
Spinel all ^ose substances in which Xl predominates, the other fi being 
in variable proportions. Those which contain ¥e are Spinels, but are also 
minerals and ores of iron, as Magnetite, Chromite, Franklinite, &c. We 
shall consider them under iron. 

Pyp. &e. H. P. Infusible, but changes color. Soluble in Borax 
and Salt of Phosphonis. Soluble with difficulty in concentrated S. 

The white or violet blue variety is called Saphar, the predominating base 
of which is iSlg. The blue color seems to be owing to iron, which is found 
both as te and Ve. It is largely found in this country in a calcareous 
gangue. The black Spinels contain iron only, either as an acid or as a 
base. Their real color is green, more or less intense, which distinguishes 
them from Magnetite the color of which is black. These crystals some- 
times attain an immense size, and their interior is often hollow or caver- 
nous, which, however, does not alter the form of the crystal. They are 
also found disseminated in chloritic schist, in which case it is not very 
easy to distinguish them from Magnetite, which is found in the same as- 
sociation and with the same form. The color of the powder is the best test. 
When the Spinels contain zinc they are known under the name of Gah- 
nite. Their usual association is chlorite slate, but, as the color of their 
powder does not differ from the others, a blowpipe test is required to dis- 
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tinguish them. The black is less hard than the blue variety, and the blue 
thaa the red. Magnetite, is still less hard, it being between Quartz and 
Fluorite. The black and sometimes the blue varieties of Spinel are found 
in granular masses, which are slightly lamellar. All of the Spinels are in- 
iusible, which will distinguish them from all granular masses, except the 
minerals of the Chrysolite group, from which the action of acids will give 
an easy distinction. There will be no deposit of gelatinous silica, and more- 
over the Spinels are not soluble in acids, except that of iron which is only 
dissolved with difficulty, when heated in HOI. and never in H, The 
•color of these masses usually resembles the color of other granular masses. 
It is distinguished from Garnet by its fusibility, from Magnetite by not 
heing attracted by the magnet, from Franklinite by giving no reaction for 
zinc. Very large black crystals have been found at Amity and Munroe, 
N. Y., and Franklin, N. J. Small gray crystals, at Hamburg and Vernon, 
N. J. Blue crystals at Antwerp, N, Y., and at many other localities in the 
U. S. The varieties used in the arts are usually brought to this country 
separated from their gangues. They come from the East, especially from 
Oeylon and Birmah. These Spinels are used by jewelers, and are 
called Balas ruby; they are much less esteemed than the oriental ruby. 

FORMULiB OF THE 0RT3TALS. 

PL XIX 

Mg. 22. 0. Mi;. 23. <x> O. Mg. 24. 0. oo 0. Figs. 25 and 26. 

Distorted forms of 0. P^. XX. Mg. I. 0. ooO. 3 03. Mg. 2. 
Twin crystal ; composition-face 0. Mg. 3. Twin crystal. Fig. 4. Dis- 
torted form. Mg. 5. oo 0. 0. 2 02. Form of Pleonaste. 

ALilJinilVIU]?!. 

Corundum. £1. Hexagonal. 

Syn.— Corindon, Sapphire, Ruby, Oriental Amethyst, Smirgel, Emery. 

It crystallizes in a rhombohedron of 86° 4', which very much resemblf*fi 
a cube. It is isomorphous with Hematite. It is sometimes found in 
rhombohedra, but generally it is truncated at the base so as to resemble 
& regular octahedron, differing however in the angles. 

RaR=86*' 4' 
OAt = 122"26' 

This is usually seen in the stony varieties, where the rhombohedral 
cleavage is very marked. It is generally found in hexagonal pyramids 
which sometimes show the basal cleavage ; the faces of these crystals are 
covered with unequal striations, which are parallel to the base of the 
hexargonal prism. The prism is sometimes found, especially in the earthy 
varieties, and frequently has the faces of a rhombohedron upon it. The 
base of this crystal is generally striated and shows a play of colors, and 
when polished usually shows a six-pointed star. It cleaves parallel to 
the base and the rhombohedon. Sometimes the rhombohedral, and some- 
times the basal cleavage is the easiest. In the transparent varieties the 
basal cleavage is usually the most prominent. The fracture is unequal or 
conchoidal ; sometimes lamellar. Lustre, vitreous, sometimes pearly on the 
base, and occasionally showing a bright opalescent star of six rays in the 
direction of the axes. Transparent, translucent to opaque. Color, red, 
blue, purple, yellow, brown, gray and white. Streak, colorless. 0.=:9. 
C}. =3.909-4. 16. Composition, Al 53.4, 46.6. 
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Pyr. &c. B. P. It is infusible. After heating with nitrate oi 
CM>balty it becomes blue (21). It becomes electric by friction, and remains 
80 for some time. Reduced to powder, it yields an argillaceous odor 
when breathed upon. It is not acted upon by acids. 

Next to the diamond, it is the hardest of all known substances and 
is used for pointing the tools which are used by jewelers in cutting other 
Atones. It has very many colors, sometimes it is limpid and colorless, and 
is in this state used to imitate the diamond. The clear colored varieties- 
are called by the jewelers oriental stones, and have a very great value. 
According as they are red, blue, green, violet or yellow, they are the ruby, 
Aapphire, emerald, amethyst or topaz. It is also found stony with the 
same colors. It occurs also in crystalline masses, made up of crystals^ 
which are often very large and more or less irregular. Their color is 
generally blue, with a greenish or brownish tinge. It is also found in 
granular masses, made up of little grains which are crystalline, and which 
are bluish or reddish. When massive, it is known as emery. In thi* 
state, the Xl seems to be associated with sesquioxide of iron. These^ 
masses are usually dark brown, with a grayish powder, in which red and 
blue grains can be seen with a glass. In this state, the hardness is about 
the only characteristic. The density being 3.9-4, it can be distinguished 
from every other earthy substance which has tliis aspect. It cannot be 
mistaken for a metallic oxide. The different varieties of Corundum are- 
much used in the arts. A perfect ruby of 3-^- carats is as valuable as & 
diamond of the same size. Large crystals of sapphire, some of them 
semi-transparent, have been found at Newtown, N. J. Imperfect rubies 
have been found at Warwick, N. J., and bluish crystals in Delaware and. 
Chester Counties, Pa, 

FORMULA OF THE CRYSTALS. 

P?.XX. 

Fig.e. R OR Fig, 7. fP2. Mg, S, J P2. OR Fig. 9. 4P2. 

/'ig, 10. |P2. R 00 R Fig, 11. 4P2. OR R. Fig, 12. 9P2. 
4P2. f P2. OR. R Fig. 13. oo P2. OR J P2. R Mg. 14. oo P2. 
2P2. fP2. -2R 

Dla§pore. 3tl B:. Orthorhombic. 

Its form is a right rhombic prism of 93° 42'. It is rarely found in dis- 
tinct crystals, but rather in crystalline masses. It is isomorphous with 
Gothite. The crystals of Corundum which are found in Dolomite are- 
frequently covered on their edges with dark crystalline filaments, which 
consist of Diaspore. It sometimes occurs crystallized, especially at 
Schemiiitz, in Hungary, and at St. Gotliard, Switzerland. These crystals 
are very small, and are in a talcose or aluminous gnngue, and show re- 
markable dichroism. Its cleavage is easy, parallel to the brachypinacoid, 
so that the crystalline masses are always lamellar. Its lustre is vitreous 
on the faces, but pearly on the cleavage. Translucent or opaque. The 
colors of Diaspore are not very marked ; they are grayish, greenish, 
yellowish, brownish and purplish. The yellow, red and brown colors aro 
owing to iron, which may be hydrous or anhydrous, and which is interpos- 
ed between the lamellae. By digesting the mineral in HCl this color may 
be dissolved out. Sometimes the crystals are trichroic, being violet-blue 
in one direction, purphsh-blue in another and pale asparaffus-green 
in a third. 0.=6.5-7. G =3.3-3.5. Composition, XI 85.1. H 14.9. 
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Pyr. Ac. B. P. It gives off water. It is infusible, but after lieat- 
ing, it becomes soluble in concentrated S. It is one of the few substauceis 
which has this peculiarity. It is not attacked by acids, but if the powder 
is heated in a tube it swells aid gives off water, and when it no longer 
swells it can then be attacked 

It is quite fragile, and is usually found in little veins in emery. These 

are mostly crystalline masses, showing the cleavage parallel to ooPoo, 
and a pearly lustre on this cleavage. The crystals are often bent in the 
direction of the vertical axis. Externally, Diaspore might be confounded 
with Cyanite, Pyroxene, Amphibole and Feldspar, but a blowpipe test 
easily distinguishes it. Pyroxene, Amphibole and Feldspar are fusible; 
•Cyanite is infusible, but does not give off water. It has been found at 
Trumbull, Ot., associated with Topaz, and at the emery mine, at Chester. 
Mass. 

FORMULA OF THE ORTSTAL& 
PI XX. 

Fig, lo. 00 Poo. 00 p. ooP3. P. 2T?2. The faces of P and 
-2? 2 are usually curved. Fig. 16. Horizontal projection. ooPoo. oo P. 
oofs. P. 2^2. 2 Poo. 

Alumlnlte. £1 S+9 ^. 

Syn. — Websterite. 

It never occurs crystallized. It has an earthy fracture and a dull, earthy 

lustre. l\Jp color is white, and it is entirely opaque. II.=l-2. G."=1.66. 
Composition, *1 29.8, S 23 2, ft 47.0. 

Pyr. Ac. B. P. It is infusible. In a tube, it gives off S and, at a 
higher temperature, B. It dissolves in acid without effervescence and 
without residue. It is insoluble in water, and has no argillaceous odor. 

It is found in certain argillaceous beds, especially at New Haven, in Eng- 
land, in white, mamelonated masses, which are sometimes oolitic or even 
earthy, resembling chalk. 

Alunoi^en. %lB'+18;S. MoKOCLiNfc. 

Syn. — Keramohalite, Haarsalz. 

It is found in tabular crystals or in masses, in which some crystalHne 
fibres are visible, but the crystals are never well defined. Lustre, vitreous 
or silky. Translucent Color, white, yellowish or reddish. H. =1.5-2. 
G.= 1.6-1.8. Composition, *1 15.4. S 36.0, fl 48.6. 

Pyr. Ac. B. P. Heated in a tube, gives off ^ and, at a higher 
temperature, S. With nitrate of cobalt, becomes blue. It is soluble in ^. 

These masses are usually white and silky, and have a peculiar, styptic 
taste. When fresh, it is white, but gradually becomes brown on the frac- 
ture, owing to the decomposition of some of the sulphate of iron, which 
it almost always contains. It occurs in mines and elsewhere, formed by 
the action of Pyrites on the rocks. It is also found in volcanic regions, 
covering the sides of cavities, and is usually perpendicular to them. It is 
found as an efflorescence in many places in the Unit-^d States. 
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Alunfte. iS: S+3 XI S + Gfl:. Hexagonal. 

Syx. — Alaiinstein, Alumstone. 

It crystallizes as a rhombobedron of SO"" 10', which is consequently very 
mear a cube. It has an easy basal cleavage, which is usually curved. 
The fracture is conchoidal or uneven ; sometimes splintery and often 
earthy. Transparent or translucent. Color, white, grayish or reddish. 
Streak, white. M. =3.5-4. 0.= 2.5^^-2.752. The composition is not 
•constant, but varies around the formula. Composition, 3^1 37.13, § 38 53, 
i 11.34, fl 13.0. 

Pyr. &c. B. P. Decrepitates, but is infusible, and in a closed 

'tube it yields water and sometimes lftl*§ ; and at a higher temperature S 

-and S. It then becomes partly soluble in water, giving alum and leaving 

3fcL It is insoluble in water, but soluble in acids, frequently giving gelati- 

'iious silica, which however does not appear to be in a state of combination 

Sometimes a part of it is soluble in water and this is generally alum. 

A substance which resembles Alunite in composition, but which differs 
irom it in external characters, is called jaspery Alunite. It is a kind of a 
filate having variegated colors, which are sometimes in parallel bands and 
■sometimes disposed in an irregular manner very much resembling Jasper. 
Alunite is usually found in concretionary, mamelonated and cavernous 
masses, of a yellowish or brownish color. Its cavities are usually covered 
with points of crystals, which cannot be seen without a glass. It is some- 
times fibrous. It is the product of the reaction of HS and the vapor of 
water, which are given off from certain volcanoes, on the surrounding 
rocks. HS, by oxidation, yields S which attacks tiie rock and the silica is 
"set at liberty and gelatinizes, the 5 combining with the iltl and alkalies of 
•the rock. This sometimes produces the massive, and sometimes the jas- 
.pery Alunite. When it is jaspery, it is anhydrous. It resembles certain 
decomposed varieties of Quaitz, but is distinguished by its hardness ; fi:om 
Apatite, Fiuorite, Calcite, Barite and Celestite, it is distinguished by the 
action of acids and the blowpipe. The density will also distinguish it 
from the last two. Its infusibility and complete solubility in acids with^ 
out forming gelatinous silica are its most distinguishing characteristics. It 
is used for making alum. The rock, after roasting, is lixiviated and the 
alum collected by crystallization. Jaspery Alunite is so hard that it is 
•used in Hungary for millstones. 

FOliMUIi^ OF THE CRYSTALS. 

PI, xy. 

Fig, \i. R. Fig. 18. R OR. Fig. 19. R. -2R. JR. JR. 

Kalinite. 1^ S + ^1 S' + 24 :&. Isometric 

Stn, — Alum, Kalialaun. 

It is usually found in fibrous or compact masses and crusts, and is gener- 
ally a product of the decomposition of Pyrites in contact with clay. Its 
lustre is vitreous. Transparent, or translucent. Color white, usually stain- 
ed. Streak, white. M.=2-2.5 0. = 1.75. Composition, ^ S 18.4, 3tl S 
:36.2, fl 45.4. 

Pyr. Ac. B. P. Fuses in its water of crystallization, and forma 
a spongy mass. Shows the alumina reaction with Co ff. Soluble in 16 to 
"20 times its weight of cold water and about its own weight of boiling 
water. 
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There are a very large number of alums found in nature, the principal 
bases of wliich are, besides fe, KfH*, S^a, Mg, Pe, fe and Mn. Most of 
them are isometric in their forms, but they are generally found as fibroa» 
or silky tufts. It is found abundantly in Maryland and Tennessee. 

Cryolite. 3 Na F + Al« F». Twclinic. 
Stk. — Eisstein, Alumine fluat^e alcaline. 

It crystallizes as a doubly oblique rhombic prism of 88* 30', and has a per- 
fect basal cleavage. Its lustre is vitreous or sUghUy pearly, and is nearly 
the same on the three cleavages as on the crystal. Its fracture is lamellar 
or scaly. It is generally white, and has about the same kind of lustre as 
a stearine candle on the fracture. It is sometimes colored slightly red, or 
may be even brick red, when it is mixed with partially altered Siderite. 
Occasionally it is black. 0.=2.5. 0.=2.9-3. Composition, Al 13.0,. 
STa 32.8, Fl 54.0. 

Pyr. Ac. B. P. Heated in an open tube, it gives up H FL Solu- 
ble in S, giving off H Fl. It is easily Risible even in the name of a can- 
dle, without the aid of the blowpipe. If it is then thrown into water,, 
there seems to be a commencement of decomposition, for an alkaline car- 
bonate or lime water throws down XI. This mineral, which within a. 
few years has acquired a certain importance from its commercial uses^ 
has only been found in Greenland. 

FORBfUL^ OF THE CRYSTALS. 
PI XX. 

Mg. 20. 00 P. P. 2 P 2. P oo. OP. Prism is marked with stria 
parallel to the edges between oo P and P qd and oo P and P, as shown 
by the dotted lines. Mg, 21. Twin crystal ; composition-face oo P. The 
form of these crystals is orthorhombic, but cryolite has been lately deter- 
mined to be triclinic. 

Turquois. XP 1^ + £L 

Syn. — Tiirkis,* Calaite. 

It is never crystallized, but is found in amorphous masses, which some-^ 
times have the appearance of being little fibers in a gangue. It is also- 
found mamelonated. There is always a little lime, manganese and iron, 
mixed with the 3cl and it is sometimes colored by an hydrate of copper. 
Its fracture ia conchoidal and unequal. It is hardly ever transparent, even 
on the edges of thin scales. It is azure-blue, greenish-blue, or light 
green. Irs color becomes altered in the air, if it passes frequently from a 
dry to a damp place, especially if the temperature is changed. The color 
is then, in the commercial phrase, killed and it becomes green. Its streak 
is white or greenish. M.=6. 0.=2.6-3.83. Composition, 1^ 32.6, 3tl 
46 9, fl 20.5. 

Pyr. Ac. B. P. It is infusible. In a tube, it decrepitates, 
yields fl and turns brown or black. It colors the flame green. With 
borax, it affords the colors of iron and copper. In acids, it dissolves com- 
pletely and gives to the solution the colors of copper. 

Untler tlie name of soft Turquois, a substance is used by the lapidaries,, 
which has no real relation to the mineral ; its true name is Odontolite, 
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It is a bone phosphate of lime ; generally bones, or fibers Oi any bone, 
which have been subjected to infiltrations of salts of copper, and has 
about the same lustre as Turquoia. It is found abundantly in the Urals 
and to some extent in France. The oriental Turquois is much esteemed 
as an ornament, but has no very great value. It comes fi-om the east, 
generally from Nichabour in Persia. An impure variety is found in 
Saxony and also in Nevada. 

Wairellfte. *l*P'+12fl. Orthorhombic. 
Syn. — Striegisan, Alumine phosphat^e. 

It crystallizes in a right rhombic prism of 126° 25'. Its cleavages are 
parallel to the prism. Its crystals are very rarely capable of being 
measured, and are generally only very fine needles. Its lustre is vitreous, 
pearly or resinous. Color white, gray, green, yellow, brown and black, 
with every gradation of intensity. It is often translucent. M,= 3.25-4. 
Cr. =2.337. Composition, P 34.4, *1 37.3, fl 28.3. It sometimes contains 
a little fluorine. 

Pjrr. &r. B« P. In a closed tube gives off S and sometimes 
reacts for Fl. Swells up, becomes of lighter color and splits into fine parti- 
cles which color the flame green, but remains infusible. Gives off H Fl 
when treated with S. It is soluble in H CI and caustic potash. 

It generally covers the sides of cracks in schistose rocks. It is gene- 
rally found in little spherical mamelons, which are made up of converging 
crystals. The ends of these fibers show microscopic crystals which have 
a velvety lustre and which is quite characteristic. The radiation of these 
mamelons is exceedingly regular. It is sometimes found in concentric 
zones, similar to a variety of Natrolite from Swabia and it sometimes re- 
sembles certain forms of Aragonite. On a whole specimen, it will be 
easy to make the distinction of the termination and velvety look of 
Wavellite, but, when the specimen has been broken, recourse must be 
had to acids. It is more difficult to distinguish it from Natrolite, but 
acids give the distinction, for the latter gives gelatinous silica and melts 
to a globule, while Wavellite is entirely soluble and swells without 
fiising. Wavellite is found at Bellow's Falls, N. H., at the Washington 
mine, N. C, in York Co.. Pa., and as stalactites at Steamboat, Chester Co. 
Pa. 

FORMULA OF THE CRYSTALS. 
PI. XX. _ 

Mg. 22. 00 P. Poo. ooPoo. 

Clirjrsoberyl. Be XL Orthorhombio. 

Syn. — Cymophane, Alexandrite. 

It crystallizes in a right rhombic prism of 129° 38'. It is one of tho«^5 
limit forms, which resemble the forms of the hexagonal system. 1Y»<3 
crystals frequently contain chromium and are usually small, though thtjy 
Sometimes attain considerable size. They show a remarkable dichroistj, 
being green perpendicular to the base and biood-red parallel to it It is 
also exceptionally red, probably owing to chromium in another allotropic 
condition It is always found crystallized and is isomorplious with Chryso- 
lite, having forms very much resembling it. The combination Fig. 4, is rare. 
The crystals are usually macled 2 by 2 or 6 by 6, and the macropinacoid is 

8 



114 LECTURES ON MINERALOGY. 

then very much striated in these composite crystals. They do not show 
reentrant angles as the angle is no near 12U . The 2d fonn, Fig. 6, is not so 
rare. Crystals, which are found in the fracture of the rock, show very 
thin lamellae. They are mostly associated with Calcite, Feldspar or Gta.met, 
and sometimes with Pyroxene. The color of these varieties is usually 
yellow or greenish-yellow. The third form. Figs, 8, 9, 11, is peculiar to 
crystals of the chrome variety. Chrysoberyl only shows traces of clea- 
vage, which are parallel to the faces of the brachydome. Its lustre is a 
peculiar vitreous one. It has pearly reflections and opaline tints, which 
are produced by interior fractures. Its fracture is conchoidal and vitreous. 
It is oflen transparent but sometimes only translucent. It is sometimes 
opaque. When it is transparent, it is always yellowish or greenish. Its 
colors are varied. It is sometimes pale yellow, sometimes yellow, at 
other times the color is dark green, nearly opaque. This color is owing 
to sesquioxide of chromium, which replaces a certain part of £1 and is in 
the allotropic condition, in which it gives a green color. Streak, colorless. 
It is sometimes considered as an aluminate of glucina, the oxygen ratio 
of which is the same as that of Spinel, 1 : 3. The crystalline form, how- 
ever, IS not the same. We can hardly consider fi as isomorphous with 
It ; it is rather with the series fi, as 3tl, Pe, <Sr. M.=8.5. ©.=3.5-3.84. 
Composition, Be 19.8, *1 80.2. 

Pjrr. &c. B. P. It is infusible, and is not acted upon by acids. 

It is found in Brazil and Ceylon as rolled pebbles. A blowpipe assay is 
necessary to distinguish them. It is found in the U. S. at Uaddam, Ct., 
Greenfield, N. Y. ; Orange and Summit, Vt., andNoi^way, Me. 

FORMULA OF THE CRYSTALS. 

PL XXI. 
Fig. 1. 00 Poo. 00 Poo. Poo. The face oo P oo is vertically striated. 
Fig. 2. 00 P 2. ooPoo. ooPoo. P. Poo. Fig. 3. The preceding, 
with •2P2. Fig. 4. The combination Fig. 2, with Q0?|. Fig. 5. 
ooPoD. ooPoo. Poo. P. 2P2. ooP2. ooP3. J>P 6 (c)._ Fig. ^. 
Twin (rystal; composition-face 3 Poo. Fig. 7. x P oo. oo P oo. P. 
2P2. Fig. 8. Twin crystal; composition-face 3 Poo, made up of 6 
parts by the crossing of 3 crystals, united along the dotted lines. Figs. 9, 
10, 11. Twin crystals ; composition-face 3 P 00. Figs. 12, 13. Twins, 
made by the crossing of 3 pairs of twins, each section a pair twinned by 
3 Poo and united to the next pah* by ooPoo. Fig. 14. Twin crystal 
similar to Fig. 8. 

IRO]V. 

Iron. Fe. Isometric. 

Syn. — Gediegen Eisen, Fer natif. 

It has an octahedral cleavage, a very hackly fracture and a metallic 
lustre. Its color is iron-gray, and its streak shining. It is ductile and 
is attracted l«y the magnet. H.=4.5. 0.=7.3-7.8. It contains variable 
quantities of other substances, principally nickel, associated with a small 
proportion of cobalt. The quantity of nickel may vary from 1 to 20 per 
tent. 
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Iron is supposed to hare been fo!m<l in nature, in a [lure metillic state. 

in certain mines of Pyrites. Proust analyzed several specimens ot 

tliis character and found thorn to be perfectly pure. Some specimens 

analyzed bare since been proved to be artiticial. Since this time, it has also 

been found in a mine in Dauphine, Auvergne and Brazil ; but such iron is 

exceedingly rare. It has been found in petrified wood, produced probably 

by the reduction of a salt of iron by the organic matter of the wood. It 

is found native, as grains disseminated tlirouirh volcanic rocks, at the 

Oiant's Causeway and in Auvergne. It is easy to prove its presence by 

dipping the rocks into a solution of Cu S, when the rock becomes coated 

witii copper. 

The usual way in which native iron is found, however, is in Meteo- 
rites. The authenticity of Aenilites was admitted only at the close 
of the last century, after the Aerolite of Tuscany in 1794 and those 
of L'Aigle in 1803 had been found. They are generally of two kinds. 
They may be er Vrely composed of iron, which is metallic. This iron is 
•associated with chromium, nickel, and sometimes with cobalt, manganese 
4Mid sulphur. When these masses are polished and treated with acid, 
they show the traces of crystallization. Sometimes they are associated 
"^ith bituminous substances. These masses are ordinarily spongy, the 
cavities being always filled with Chrysolite, or substances analogous 
to it The Gribbs meteorite in Yale College weighs 1635 lbs., the Tucson 
at the Smithsonian Institute. 1,400 lbs. Two in S. America are estimated 
4» weighing, the one 32,(>00 lbs., and the other, 14.00(». The Pallas 
Meteorite, which contains crystals of Chrysolite, found in Siberia, weighed 
1,600 lbs. Other Meteorites, on the other hand, are of a stony character 
and contain the iron scattered through them in little bunches. The exte- 
rior of these masses is generally scorified and covered over with a coat- 
ing, which seems to have been melted on the surface. The earthy part is 
partly soluble in acids, depositing gelatinous silica and it appears to recall 
the composition of Chrysolite or of Labradorite. The insoluble part 
seems to be allied to Pyroxene and to Orthoclase and Albite. The iron 
is always more or less altered and may be alloyed with other metals, 
which as before are chromium and nickel. They also contain phosphuret 
and sulphuret of iron. These Aerolites are sometimes very large ; some 
have been found to be several thousands of pounds in weiglit. Ir 
Auvergne, masses of volcanic origin are found, which contain some iron 
partly oxidized. This iron has been produced by reduction of an oxide, 
probably in the same way as we produce it in the laboratories. 

Ma^uetiie. ]^e, Pe. Isometric 

Syn. — Magnetic Iron Ore, Magneteisenstein, Magneteisenerz, Fer oxydul^. 

The crystals of Magnetite are generally octahedral in their form ; tliey 
are not often complete, but are generally attached to the mass which con- 
tains them which may be compact Magnetite, Slate, Chlorite or Serpentine. 
The octahedra are sometin>es in twin crystals. The octahedron is often 
associated with the rhombic dodecahedron, which sometimes predomi- 
nates. The faces of the rhombic dodecahedron are always striated 
parallel to the long diagonals of the rhomb. The crystals are sometimes 
very large and tliese striic become so marked, that they appear like steps. 
The cleavage is parallel to the octahedron. Its fracture is conchoidal, 
generally unequal and sometimes qcute lamellar, or granular. It is often 
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oompact in the uncrystallized varieties. On its natural fa.)es, it has a. 
semi-nietiillic lustre. It is generally opaque, but in dendrites ia sometimes 
transparent. Its color is black, and the streak also black. M.= 5.5-6.6. 
0.=4.9-5.2. Composition, 27.6, %e 72.4. Magnetite has the 

formula f'e Pe, which is sometimes written ¥e\ It ia a Spinel of iron, or 
a ferrite of protoxide of iron. Like all the Spinels, it crystallizes in the 
isometric system, in forms which are derived from the octahedron, to 
which form its cleavage is parallel. 

Pyr. &c. B. P. It is fusible with difficulty. It is insoluble in "St, 
but IS with difficulty soluble in hot HCl. It is magnetic, and often ha» 
polar magnetism, especially when in large bodies. 

Magnetite is often found in granular masses, made up of small crystals^ 
which separate sometimes with the slightest effort of the finger. It some- 
times happens that these grains are covered on the surface with a super- 
ficial coating of* oxide, which makes them iridescent. Such ore is esJled 
shot-are by the miners. These granular varieties by the action of the ele- 
ments often become a fine black sand. Such sand is the only ore of iron, 
in New Zealand, and it is found on the sea-shore, where the constant ac- 
tion of the water has washed out the impurities and made it quite pure. 
Granular Magnetite is often found disseminated in large or small quantities 
through certain rocks, such as Serpentine and Dolomite. It is sometimes 
in sufficient quantities to aflfect the magnet, and often deceives those who 
do not underatand the extent of the deposit. In schistose rocks. Magne- 
tite is often found in quite large masses which have the structure of the 
rock. Such masses are probably of metamorphic origin. Magnetite is 
sometimes found in entirely compact masses. These masses are sometimes 
very pure and make an excellent ore of iron for the manufacture of steeL 
Sometimes they are very impure and are mixed with Specular Iron, 
Pyrite, Menaccanite and Quartz. When Magnetite has polarity, it is the 
natural magnet It is distinguished from all the minerals which it re- 
sembles by having a black streak, and by being magnetic. It is one of 
the most important iron ores. It is found largely in the states of N. Y. 
and N. J. and in other localities in the U. S. 

FORMULA OF THE CRYSTALS. 

PL XXL 
jFly. 15. 0. Fig, 16. oo ; the faces are striated parallel to the 
longer diagonal. Fig, 17. oo O. O. oo oo. Fig. 18. Hemitrope, 0.- 
J^. 19. 00 0. J showing the striations ; firom Haddam, Ct. Fig. 20^ 
00 O. ooOoo. 0. 30 3 501; Achmatowsk. 

Franklinite. ( te, &n, 2n ) ( 9e, Sin ). Isometric. 

It crystallizes generally as octahedra with small faces of the rhombio 
dodecahedron. It has an indistinct octahedral cleavage. Its firacture is^ 
oonchoidal. Opaque. Color, black. Streak, dark reildish brown. It is 
very slightly magnetic M. =5.5-6.5. 0.= 5.069. Composition, Pe 66, 
Stn 16, 2n 17. It is a Spinel of zinc and iron, a Magnetite, in which 
a part of the l^e is replaced by 2n and a part of the Pe by Mn. It ha& 
the same relation to Magnetite, that Gahnite has to Spinel 

Pyr. Ac. B. P. Infusible, With borax, gives the reactions for 
sine and iron. Soluble in UCl, giving up a small quantity of CL 

To distinguish it from Magnetite, it is somedmes necessary to make a 
blowpipe ti'st. In the reducing flame, it gives off zinc It is u ved as an ore 
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of iron ana of zinc. It is only found in large quantities at Franklin, N. J. 
It is associated with the silicate and oxide of zioc, making the association 
of red and black colors, which is quite rare in mineralogy. 

FORMITL^ OF TH£ CRYSTALa 

PL XXI 

Mg. 21. 0. * Ii\g, 22. 0. oo oo. Mg. 23. 0. oo ; one of the 
iinost frequently occurring forms. 

HemaUie. Pe. Hexagonal. 

■Syn. — Red Ochre, Micaceous Iron Ore, Iron Glance, Specular Iron, Red 

Hematite, Glanzeisenerz, Eisenglanz, Rother Glaskopf, Rotheisenstein, 

Speglande Eisenglimmer, Fer speculaire, Fer oligiste, Fer oxidd 

rouge, Hematite rouge. 

Its form is the rhombohedron of 86° 10'. It is isomorphous with 
"Corundum and has the same cleavages, parallel to the rhombohedron and 
to the basal pinacoid, only more difficult. The rhombohedral cleavages 
are only traces and are hard to determine. It is found as distinct crystals, 
•or as thin scales. The best crystals are found at Framont, in the Vosges, 
And at Elba. These usually have the form given in PL XXI. Fig. 28 ; R is 
the primitive rhombohedron, J P 2 a scalenohedron, J- R another rhombo- 
hedron, with faces whiah are always striated and sometimes curved. In 
the volcaDic rocks, it is found in another lorm as thin hexagonal scales, 
which have also been artificially produced by causing the vapor of 
water to pass over perchloride of iron. It is perhaps formed in the same 
way in the volcanoes. These thin scales are called Specular Iron, on ac- 
count of their bright, mirror-like surfaces. They are hexagonal planes, 
truncated by a very obtuse rhombohedron, the faces of which are usually 
striated. The faces of the hexagonal prism are also sometimes found, 
but they are always very small. When the hexagonal form is very much 
flattened by the reduction of two of its opposite sides, the form of 
the figure is frequently rhombic. These lamellae are often piled the one 
on the other, but not parallel. There is usually a hollow in the centre 
And the edges are a httle raised. The lamellae themselves are sometimes 
curved. The thin scales are sometimes found as red, transparent and och- 
reous coatings on the outside of other minerals, but this is comparatively 
rare. Its fracture is conchoidal, rarely lamellar. Its lustre is metallic ; 
sometimes splendent or earthy. The varieties that have a metallic lustre 
are called Specular Iron, but the earthy varieties are called Red Hematite. 
It is black and often iridescent on its natural faces, on accounc of a very 
thin peUicule of oxide on the surface. In thin scales, it is transparent 
and of a blood-red color. Streak, blood-red, or brownish-red. riomo- 
times slightly magnetic. H. =5.5-6.5. O. =4.5-5.3. Composition, 
O 30, Fe 70. 

Pyr. &€•. B. P. It is infusible, but when exposed for a long time 
to the reducing flame, it gives a magnetic globule. It dissolves with diffi- 
cculty in hot hydrochloric acid, more especially if it contains titanium. 

It is also found fibrous in little veins. These fibers are thin lamellae, 
Analogous to those described. In some schistose loraiations, it takes the 
character of the rock and is itself schistose. The variety called Red 
Hematite is a less perfect form of the red scales, of which we have just 
«poken, and the schistose varieties seem to be a passage to this ibmi of the 
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minera]. It is generally found in large mamelonated masses, frequently of 
rafficientsize to justify mining to a large extent These masses are usually 
made up of fibers which are soldered together, and which have a metallic 
lustre, usually grayish with red spot^s, but always having a red streak. The 
outside is sometimes black, caused generally by a superficial coating of 
manganese. Usually these masses are easily broken in the lines of radia- 
tion, forming a kind of pyramid by the fracture. Hematite constitutes the 
rouge which is used to burnish and polish metals. It is also found in masses, 
which are entirely compact and earthy and which are often very extensive. 
In this state it is generally impure being mixed with clay &c. A bacillary 
variety is also found, which breaks up into hexagonal pi isms, which are 
sometimes very long. It appears to be of accidental formation, probably 
resulting firom the decomposition of Siderite, which has afterwards crack- 
ed with an appearance of regularity, owing to the reduction in bulk. 
The angles of these hexagons are not constant It is also found pisolitic 
and oolitic, but it does not appear to have been formed directly in that 
condition. It appears to be the result of the de-hydration and pseudo- 
morphism of grains of Limonite, which are abundantly found in some 
localities, and of which we shall presently speak. In France, Mexico and 
elsewhere, these masses are sometimes large enough to be mined to ad- 
vantage. It is also found in large pseudomorphic masses, resulting firom 
a decomposition analogous to that to be described under Pyrite. It is one^ 
of the richest and most important of the ores of iron. The Specular varie- 
ties resemble some of the copper and silver ores ; Red Hematite resembles 
Cuprite and Cinnabar, and the compact variety, sometimes Magnetite. 
From all these it can be distinguished by its red streak and behavior 
before the blowpipe. It is found largely at Lake Superior, Missouri, Neir 
York and elsewhere. 

FORMULiB OF THE CBTSTALS. 
PZ. XXI. 

I^, 24. R. The primitive rhombohedron. Hg. 25. R. OR; oc- 
curs tabular, when OR predominates. Bg. 26. R. -JR. Hg. 27. K 
JR. 00 P 2. Hg, 28. fP2. R. JR; usual combination fi-om Elba.. 
^1^.29. R JR. fR3. JP2; fi-om Elba. PZ. XXL i^. 1. 
fP2. R. JR. |R. f R3. Fig, 2. Twin crystal by interpenetra- 
tion ; combination, f P 2. R. OR. jR^. 3. OR. R. oo P 2 ; thin 
tabular crystal fi*om Vesuvius. Hg. 4. Twin crystal. The opposite 
halves of two individuals of the preceding form are united on a face of 
the prism oo R Fig. 5. Twin crystal by interpenetration. Fig, 6. 
J P 2. OR ; witli the edge in fi-ont. Fig, 7. The same with the face in 
fix>nt. Fig, 8. Twin fi*om the two preceding ; composition-face OR. 

Croetliiie. ¥?e tl. Orthorhombic. 

Stn. — Pyrrhosiderite, Lepidocrocite, Nadeleisenerz, Sammetblende. 

The primitive form is a right rhombic prism of 94** 52'. The crystals 
are usually long needles on Limonite or Quartz, which they often pene» 
trate. They are usually striated and formed by the juxtaposition of a 
number of crystals. It bears the same relation to Hematite that Diaspore 
has to Corundum. It is isomorphous with Diaspore and like it, crystallizes^ 
as a right rhombic prism with an easy cleavage, parallel to the brachy- 
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pinacoid. Its lustre is adamantine, serai-metallic or earthy. Color, 
yellowish- white or brownish. When transparent, it is often blood-red. 
Its streak is brownish-yellow, or yellow. M.=5-5.5. O. =4-4.4. 
Composition, Pe 8.99, fi 10.1. 

Pyr. &c. B. P. Heated in a tube, it gives off water and becomes 
red. Infusible but gives in the R. F. a magnetic globule. Gives reactions 
for iron, and generally for manganese. Easily soluble in HCl. 

It is also found in thin transparent scales of an orange color on Quartz 
and Limonite. On Linionite they have a rosy color and usujUly a 
pearly lustre. It is found in great abundance on Hematite, at the Jackson 
iron mine in Lake Superior and on Limonite at Easton, Pa. 

FORMUL-S OF THE CRYSTALS. 

PI XXII. _ ^ _ 

Fig. 9. 00 P. QO^P 2. oo F oo. ^P. P'oo. Fig. 10. oo P oo. oo P'2. 
?oo. Fig, IL ooPoo. 4 Poo. Poo. ooPoo. 

Lf monite. 9e' £['. 

Stn. — ^Bog Ore, Yellow Ochre, Brown Ochre, Brown Hematite, Rasen- 
eisenstein, Stilpnosiderite, Brauner Glaskopf, Brauneisenstein, Mine 

de fer limoneuse. 

It is never crystallized, but is found as concretions having a fibrous and 
radiated structure, amorphous and earthy. Its fracture is fibrous and fre- 
quently shows a gradation of colors in bands. The colors are different 
shades of brown, and the streak is a yellowish brown. In the impure 
varieties, the fracture is entirely earthy. When concretionary, it takes 
the form of large or small stalactites, or mamelonated coatings. The sur- 
face is usually smooth and often lustrous. This is generally owing to a 
very thin coating of manganese. Its lustre is very variable. The fibrous 
varieties have generally a silky, the botryoidal varieties a metallic lustre. 
Very often it is dull and earthy. Color, generally different shades of 
brown, sometimes nearly black in the botryoidal varieties. When earthy, 
brownish or ochre-yellow. Streak, yellowish-brown. H.= 5-5.5. 
«.=3.6-4. Composition, Pe 86.6. ti 14.4. 

Pyr. &c« B« P. Gives off water and becomes red. Soluble in 
acids. 

A vai-iety called Aetites by the ancients was used as amulets and sup- 
posed to possess great virtue. They are all geodic varieties, which are 
generally impure and mixed with sand. They show a concentric struc- 
ture. The interior is sometimes empty and sometimes contains a movable 
hard substance, of the same composition as the outside, which separated 
from the rest when the mass contracted in drying, and which frequently 
makes a noise when shaken. It is also found pisolitic, the grains held to- 
gether by a cement of the same substance, but usually much poorer in iron. 
In France these masses constitute a very important ore of iron. The> 
are entirely analogous, except in their composition and color, to the piso- 
lites of CaJcite, which have been described. The center of each globule 
is generally a small piece of some foreign substance, usually a grain of 
sand. Magnetite or Menaccauite, or even Chromite. Their forma- 
tion appears to be owing to the decomposition of Siderite, held in solu- 
tion in water. The oolitic varieties, except in color, are quite analogous 
to the oolites of Hematite. It often forms extensive bed?:, which are 
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worked as an ore. The cement which holds them together is often claj^ 
This is usually separated by washing, in order to ennch the ore/ It is 
also found as irregular masses, caused probably by some metamorphic 
action, and, in a large number of cases, by the decomposition of Pyrite. 
These masses are usually very impure, and are mixed with earthy sub- 
stances. They give rise to a number of pseudomorphs. The earthy 
varieties are called ochres, which are clays or marls impregnated 
with hydrated sesquioxide of iron. They are sometimes sufficiently rich 
to be mined as ores of iron. Their color is variable from brown, almost 
black, through all the shades of brown to pale yellow, known as Yellow 
Ochre. The colors give little or no idea of the yield of the ore in iron, 
for they vary not only with the quantity of iron contained, but also with 
its state of aggregation. It often happens, that a pale yellow ochre is rich- 
er than a brown one. This variation of color is not only found in natural, 
but also in artificial products, as in the different varieties of rouge, the 
color of which varies with the method of manufacture. An important 
variety of Limonite is called Bog Ore. This ore is very abundant, 
especially in Sweden, Russia, and some parts of this country. 
It is found in an entirely different association from the preceding 
varieties. It is not produced by the decomposition of Siderite, but 
seems to be owing to the decomposition of organic, generally vegetable 
matter in ferruginous waters. These masses are brown, more or less 
dark, with a smooth, even, and sometimes conchoidal fracture, which may 
even be resinous. It is always impure, containing besides the gang^es, 
sulphur, phosphorus and some portion of organic matter, frequently frag- 
ments of plants which are not entirely decomposed, but which preserve their 
woody fiber, while passing into the state of peat. This production or 
Limonite by means of the decomposition of plants, is going on exten- 
sively now. The mines from which it is taken are not exhausted, 
because the ore is found continuously, so that it is easy to watch the pro- 
gress of its formation. It is remarked, that wlien the roots of a tree are 
decomposed in the midst of a ferruginous sand, the sand around them 
is rendered colorless for a certain distance. The acid products of decem- 
position, such as ulmic, ceramic and aproceramic acids, when disengaged, 
dissolve out the oxide of iron from the neighboring sand, carrying it off 
with them. These salts on arriving at the air, arc oxidized, the organic 

acids are burned, and a part of the 6 resulting from their decomposition is 
fixed as te 0. This carbonate once formed is dissolved by virtue of 
the excess of and, when it decomposes, Limonite is produced. It 
is always very impure, because, it contains sulphur and phosphorus 
besides the earthy material. Limonite is one of the most important 
of the ores of iron. It is mined extensively in the western part of New 
England, New York, Pennsylvania and other states. It is sometimes 
ground and used as a polishing material, furnishing different colors of 
brown and yellow, according to the method of its preparation. 

Pjrrrliotlte. Fe^ S®. Hexagonal. 

Syn. — Pyrrhotine, Magnetic Pyrites, Magnetkies, Fer sulfure magnetique, 

Magnetopyrite. 

This Pyrites is magnetic and is the compound of iron and sulphur, 
which is found in Meteorites. It is also found in nature. Sometimes the 
formula is Fe"^ S°, and sometimes Fe*° S". It is rarely perfectly crystal- 
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lized. The best formed crystals are found in Meteorites. They are also 
sometimes found disseminated in a gangue. It is generally, however, 
"found in lamellar, crystalline masses, which can be easily recognized by 
their bronze color. It has an easy cleavage, parallel to the base, and 
traces of cleavage parallel to the faces of the prism. Its fracture is lamel- 
lar, sometimes conchoidal or even granular. Lustre, metallic. Color, dark 
yellow, bronze, and often a yellowish-red. Streak, dark grayish-black. 
The powder is always magnetic. M.=3.5-4.5. 0.=4.4-4.68. Composi- 
tion, Fe^ 8*=Pe 60.5, S 39.5. 

Pjrr. &c. B. P. In an open tube, it gives off S. On Ch., it be- 
comes either f'e or Fe, according to the flame in which it is heated. In 
iihe R. F., it fuses to a magnetic mass. Generally gives the reactions for 
Ni and Co. It is attacked by the non-oxydizing acids. Sometimes it 
.gives off HS and leaves sulphur as a residue. 

Its most ordinary nssociations are Magnetite and Apatite, but it is fre- 
•quently mixed with other sulphides, which may somewhat modify its 
<5olor. It is often found as a pseudomorph after Arsenopyrite. Its 
inferior hardness and color distinguish it from Pyrite. From the ores of 
Oo and Ni, it is distinguished by giving the iron reaction and a very mag- 
netic globule. It is found in a large number of places, in New England, 
'in New York State, New Jersey, Pennsylvania and Tennessee. 

FORMULiB OF THE CRYSTALS. 
PI XXII. 

Mg. 12. xP. P. OP. 

Pyrite. Fe S*. Isometric. 

Syn. — Iron Pyrites, Schwefelkies, Eisenkies, Fer sulfur^ jaune. 

Shows almost always the hemihedry of parallel faces, with traces of a 
"Cubical cleavage. It is frequently found crystallized with striated faces, 
but sometimes with polished ones. Its usual forms are the cube, octahe- 
dron, and a combination of the cube and hemi-tetrahexahedron, the faces 
-of which are almost always striated parallel to their intersection with the 
■cube. Faces of two hemi-tetrahexahedra at different angles are also 
found at timfes ; in such a case, the faces of the cube have entirely dis- 
appeared, and there is oft«n a trace of octahedral faces and when these 
faces are large, they form the solid of twenty triangular faces, the iccsa- 
hedron. The faces of the hemi-tetrahexahedron in this case are always 
striated, while those of the octahedron are smooth. The diploid is also 
found in combination with the hemi-tetrahexahedron. Crystals of Pyrite 
4ire often very large and have sometimes very brilliant faces. The clea- 
vage is more or less distinctly cubical or octahedral. It is very fragile, 
And its fracture is rough, rarely conchoidal. Its lustre is metallic, some- 
times splendent. The color on its natural faces and on its fracture is brass- 
yellow, with a very decided metallic lustre, and is quite uniform. This 
-^color caused ii to be much sought after at one time, as an object of oma- 
inent. It was then known to jewelers under the name of Marcasite. Its 
•streak is greenish or brownish-black. II.= 6-6.5. It strikes fire with 
the steel without giving out any odor. O. =4.83-5.2. Composition, 
Fe 46.7, S 53.3. 

Pyr. Ac. B. P. It fuses in the R. F. on charcoal. Heated in a 
tube, sulphur sublimes. In the R. F., a residue is obtained which attracts 
•the magnet The non-oxydizing acids do not act upon it. It is attacked 
3)y W with effervescence and gi\ es off HS. 
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It is also found as concretions in balls covered with points of crystala.^ 
These are sometimes sufficiently brilliant, to give the ball a velvety ap- 
pearance. The concretionary variety is also found as a coating on the- 
various gangues. The fracture of these masses is generally compact^ 
rarely fibrous, sometimes silky or velvety. It is also found as dendrites, 
which are ramified around straight or curved lines. It also occurs as 
amorphous masses wit,h an unequal rongh fracture, but otherwise havings 
the same aspect as the crystals. It frequently by pseudomorphism takes 
the shape of organisms, especially in the Lias. These forms seem to be 
owing to the reducing action, which organic matter in decomposition ex- 
ercises on the sulphates. In these imitative forms Pyrite frequently pre- 
serves the structure of the organism. It. appears generally to have formed 
after all the hollow parts have been filled up by some substance, which 
appears usually to be Calcite. When it is in the state of incrustations, it - 
is never as perfect in preserving the structure as Quartz, and it is usually 
impossible in any case to study the details of the organism as it is in. 
Quartz. It is susceptible of a remarkable decomposition, which has taken 
place under circumstances which are not perfectly understood, which is 
called Hepatic Pyrites, ( from hepar^ the greek word meaning liver.) It . 
still has the form of Pyrite but its composition is generally that of Limon- 
ite. The sulphur has completely disappeared, we do not know how, 
without causing the crystal to be any the less perfect When the altera- 
tion is not complete, Pyrite is found in the interior. This same decompo- 
sition has sometimes taken place in nature on a very large scale, produc- 
ing large bodies of valuable iron ore, which are now worked. Pyrite is not 
altered in tlie air, and does not decompose in collections. Its name is from 
pt£r,fire, in allusion to its striking fire with a steeL It is distinguished from. 
Ohalcopyrite by its much greater hardness, and by its paler color. It is- 
distinguLshed from Marcasite by being of a much lighter yellow. From. 
Gold, by its not being sectile. It is extensively used in the manufacture 
of green vitriol and sulphuric acid. It is found very generally dissemina- 
ted throughout the rocks of the U. S. 

FORMULJS OF THE OBTSTALS. 

PI xxn. 

Fig, 13. 00 GO. The striations result from an oscillatory combinatioor 
between the cube and pentagonal dodecahedron. J^t^. 14. The- 

most usual form. i^. 15. ? — -, I — — - 1. i^. 16. I | ; this- 

form occurs sometimes. J^g. 17. ^^^, Q. oo oo. Fig. 18. °°^^ 

O. I _-— 1 1 ^1^.19. 0. — - — ; a very fi^uent combination.- 

I^g, 20. The same as the preceding, but with the faces equally developed^ 

so that it resembles an icosahedron. JF\g. 21. ^ ". I f I Fig^ 

22. The same combination, but with the other dodecaheiiron. Fig, 23^ 
P^*]. ocOoo. r,i,.->i. xO:.. 0. 2 02. [t^J. ^1. 

JKg, 25. Twin crystal ; eomposiiion-tace » O x. PL XXIIT. Fig. !• 
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— -. interpenetration twin. Mg. 2. The preceding, with the 

modification oo oo. Mg. 3. The cube resulting from Fig. 2 j the striationff 
•how its derivation. 

]9Iar<»sfte. Fe S^ Orthorhombic. 

Stn. — Cockscomb, Spear and Cellular Pyrites, Leberkies, Kammkies^ 

Speerkies, Fer sulfur^ blanc. 

It crystallizes in a right rhombic prism of 106° 6', with a cleavage- 
parallerto the prism, and only traces parallel to the brachypinacoid. The- 
simple crystals are found as prisms, or as the union of two domes in such. 
a way as to resemble the regular octahedron. They can only be distin- 
guished by measurement of the angles. The crystals however are rarely 
single. The crystals. Fig, 6, which are quite short, are united by ther 
faces of the prism and make complex forms. The form Fig. 10, where- 
the composing crystals are complete, is rare. They are generally com- 
posed as in Fig. 7, and as in Fig. 8, with an indented contour, often also,. 
as the angle of the crystals is 73° 58' or almost that, of a regular penta- 
gon. The crystals are found united by fives as in Fig. 9. This dispositioa 
is quite common, and is called Cockscomb Pyrites. Its fracture is rough and 
somewhat granular. It has a very decided metallic lustre, especially in 
the varieties which do not show a green tinge which appears to be 
owing to a commencement of decomposition. Its color is a much lighter 
yellow, and more greenish than Pyrite. Streak, grayish or brownish - 
black. M.=6-6.6. O. =4.678-4.847. Composition, Fe 46.7, S 53.3. 

Pyr. &c. B. P. With the blowpipe and the diflferent reagents, it 
acts exactly as Pyrites. 

It has exactly the same composition as Pyrite, of which it is the^ 
dimorphic form. It is also found crystalline or concretionary In some- 
formations, especially in the Chalk, it occurs in balls, sometimes in» 
cylindrical masses with a fibrous and radiated structure, the surfaces ob 
which are covered with the points of crystals having the pseudo-octahe- 
dral form. Occasionally, though much more rarely than Pyrite, Marcasite- 
takes the forms of organisms either by filling or by substituting molecule- 
for molecule. It decomposes very easily in the air, and forms sulphate ofc 
iron. In order to preserve it in collections, it must generally be coated 
with varnish. Sometimes, though rarely, the product of decomposition i» 
Hepatic Pyrites, as is the case with the balls that occur in the Chalk. A 
variety is sometimes found which does not decompose. It is used for 
the same purposes as Pyrite. It is largely found in the U. S. 

FORMULiB OF TH£ CRYSTALS. 

Fl XXIIL 
Fig. 4. ?oo. Pjx). 00 P. P. OP. Fig. 5. ooP. OP. iPoo. 
roo. Fig, 6. P. 1*00. Fig, 7. Twin crystal; composition-face oo P^ 
Fig. 8. Twin, consisting of four individuals. Fig. 9. Twin consisting 
of five individuals. Fig. 10. Group of four crystals ; composition- face,. 
00 P. Fig, 11. Twin crystal. 

Melanteriie. fe S-h7 S. Monoclinic. 
Htk.— Green vitriol, Copperas, Sulphate of Iron, Eisenvitriol, Fer sulfate.. 
It crystallizes as an inclined rhombic prism of 82° 21, and the crystals 
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«re usually needle shaped. It has an easy cleavage parallel to the base, 
and a more diflBcult one parallel to the prism. Fracture, conchoidaL 
Lustre, vitreous. Tranparent, translucent. Color, different shades of 

reen or white. Streak, colorless. II.=2. G. =1.832. Composition, 
28-8, i'e 25.9, fl 45.3. 

Pyr. Ac. B. P. In closed tube gives lS,S and S. On Ch., gives 
the reactions for S and Fe. Soluble in twice its weight of water. It is 
usually found as an efflorescence, being a product of the decomposition of 
Pyrite. It is white when it has not been exposed to the air, but soon 
l)ecomes green, blue or brown by oxidation. It is used in dyeing and tan- 
ning, in making ink and Prussian blue. It is found abundantly in the 
U. S. 

FORMULJt OF THE CRYSTALS. 

PL xxin. 

Mg. 12. 00 P. OP. This crystal resembles a rhombohedron. Fig, 
13. 00 P. OP. Poo. F^, 14. The preceding, with ooPoo. Mg. 15. 
The combination Mg, 2, with -P. Poo. ooPoo. Fig. 16. Fig. 15, 
with -F 00. 

Copfapite. Fe" 5*^+18 ]l[. Hexagonal. ? 

Syn. — G-elbeisenerz. 

It is found as fibrous masses or crystalline aggregations, which are 
rhombic or hexagonal in form. It has a perfect basal cleavage. Lustre, 
pearly. Translucent. Color canary or sulphur-yellow. II.=1.5. G.= 
^.14. Composition, S 42.7, P 34.2, S 23.1. 

Pjrr. &c. B. P. In a tube yields S and 5. On Ch., gives a mag- 
netic mass, and the reaction for S. Insoluble in water. 

Occurs in Saxony, in the Hartz, in France and Chili, as tlie result of 
the decomposition of Pyrite. 

TiTianite. te} 1^+8 S. Monoclinio. 

Syn. — Blue Iron Earth, Eisenblau, Blaueisenerde, Fer phosphate, 

Fer azur^, Mullicite. 

There are several phosphates of iron found in nature, but this is the 
most important one. It crystallizes as an oblique rhombic prism of 111" 
12', with a very easy cleavage parallel to the clinopinacoid. The usual 
form is a combination of both pinacoids ,the prism, pyramid and macrodome. 
Crystals are usually found as needles on metallic substances. Their faces 
are very generally curved. It has a vitreous lustre, except on the faces of 
the clinopinacoids which are pearly or metallic. Transparent, translucent, 
but becomes opaque on exposure. In fresh fractures, it is white and color- 
less, but becomes blue, owing to a pa*^tial peroxidation. When it has un- 
■dergone the action of the air, it is sometimes deep blue, or bluish or dirty 
brown, sometimes even black. Streak, colorless. H,= 1.5-2. G,-= 
-2.58-2.68. Composition, i'e 43, P 28.3, S 28.7. 

Pyr. Ac. B. P. Decrepitates, fuses at 1.5 to a magnetic globule 
and colors the flame green (?). G-ives off water. It is soluble in HCl 
without effervescence. 

Its usual occurrence is in cavities of certain rocks, especially lavas or 
rocks in coal mines, which have been on fire. It is also found in the 
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inside of buried bones and fossil shells. It is found earthy, in little bunches 
in clays. It is then generally of a more or less dark blue, but sometimes 
of a greenish or violet color, resembling certain salts of copper, but is 
easily distinguished by a chemical test. It is found at the Gap mine. Pa., 
and in large quantities at Mullica HilL Gloucester Co., N. J., replacing 
Belemnites. 

rOBMtTLiB OF THE ORTSTALS. 

-PI XXIIL 
BHg, 17. 00 i^ 00.00 Poo. Poo, P. oo P. oo ? 3. i^^. I8.00P00. ooPoo. 
Poo. IlKg, 19. 00 Poo. 00 P. P. 

Leacopyiite.. Fe As*. Orthorhombio 

Syn. — Arseneisen, Arsenikkalkies. 

The forms of the crystals are the same as those of Areenopyrite, only 
differing in the value of their angles. The angle of the prism in Leuco- 
pyrite is 122°, but in Arsenopyrite it is 111°. Fracture, uneven. Lustre, 
metallic. Color, silver or steel-gray. Streak, grayish-black. M.=5-6.5t 
0.=6.8-8.71. Composition, As 72.8, Fe 27.2. 

Pyr. &c. B. P. In a closed tube gives As, and in an open tube^ 
As. On Ch., gives the odor of arsenic and in 0. F. a coating of JS.s ; in 
R F. a magnetic globule. Gives the reactions for iron. 

It very much resembles Arsenopyrite, and can generally only be distin- 
guished from it by a chemical test, in which case only arsenic and no* 
sulphur is found. Its density is high, about 7, while tliat of Arsenopyrite 
is 6,1. 

FORMULJC OF THE CRYSTALS. 

PI. XXIIL 
Fig. 20. 00 P. Poo. 

Arsenopyrite. Fe (As, S)*. Orthorhombig. 

Syn. — Mispickel, Arsenical pyrites, Arsenkies, Fer ai-senical. 

It crystallizes in the right rhombic prism of 111° 53', with traces of 
cleavage parallel to the prism. The crystals are mostly prisms attached 
to a gangue. They may have a rounded termination, which is a union of 
domes, or pseudo-pyramid. The crystals are often macled, parallel,, 
either to the prism or macrodome. They have frequently such a number 
of faces that they appear to be curved and striated. The brachydome is 
usually striated, which is very characteristic. Lustre, metallic and quite- 
light in a fresh fracture, but it becomes dull on exposure to the air. Color 
silver or tin- while. Streak, grayish-black. M.=5.5-6. 0.=6-6.4. 
Composition, As 46, S 19.6, Fe 34.4. 

Pyr. &C. II. P. On Ch., it gives arsenical fumes. The heat from 
stroke of the steel is sufficient to produce this odor. Heated in a tube, it 
gives off S and As, which condense first as a red sublimate of sulphide of 
As and then as a mirror of As Heated for a long time in K. F., it gives 
a magnetic scoria. Decomposed by ifJ, giving a deposit of As and S. 

Large masses of Arsenopyrite are semi-crystalline or indistinctly fibrous, 
they are rarely amorphous, compact and granular. It is distinguished 
from Marcasite by its color, its reaction for arsenic and its density, which 
is G.12, while that of Marcasite is about 5. Resembles Cobaltite, but it 
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can be distinguished by the crystalline form and a chemical test It ia 
found abundantly in the U. S. 

FORMULAS OF THE CRYSTALS, 

PI XXIII. 

Fig, 21. CO P. J Poo. The charactenstic striation of the brachy- 
dome js shown on one of the faces. Fig. 22. co P. if oo. Poo. Fig. 
23. P 00. P 00. IP 00. Resembles a square octahedron. Fig. 24. 
<»P. iPoo. Poc. Fig. 25. Twin crystal; composition-face oo P. 
Horizontal projection. Fig. 26. Twin with the combination Fig. 21 ; 
composition-face P ooi 

Scoroditc. Pe Xs-h4 fl. Orthorhombic. 

Syn. — Arseniksinter, Eisensinter. 

It crystallizes as a rhombic prism of 98° 2', generally in little crystals of 
a bluish-green color usually slightly altered. Cleavage imperfect-, parallel 
to the brachypinacoid. Lustre, vitreous. Fracture, uneven. Translucent. 
Color, pale green or brown. Streak, white. H. =3.5-4. G.=3.1-3.3. 
Composition, Is 49.8, Pe 34.7, fl 15.5. 

Pjrr. Ac, B« P. In a closed tube yields fl and turns yellow. On 
•Ch., fuses easily, colors the flame blue (As), and gives off arsenical fumes. 
Soluble in HCl. 

Scorodite is found in Edenville, N. Y., and in Carabas Co., N. C. 

FORMULAS OF THE CRYSTALS. 

PI XXIV. 

Fig. 1. P. ooPoo. 00 Poo. Fig. 2. P. ooPoo. oo F2. Fig. 3. 
P. OP. ooPqo._ooP2. 2 Poo. Fig. 4. The combination Fig. 1, 
with 00 ^2 and 2 P oo. 

Ptaarinaco§iderite. 3 Pe Js-h^'e fl:*H-12 fl. Isometric 
Syn. — Cube Ore, Wiirfelerz, Fer arseniate. 

Its usual form is the cube, but tetrahedral faces have been found. The 
crystals are found in cavities. Its cleavages are very difficult, parallel to 
the cube. Its fracture is conchoidal and its lustre vitreous. Transparent. 
Its color is usually emerald-green. This green becomes brown in the 
flame of a candle. It is sometimes found brown or honey-yellow. Streak, 
green, brown and yellow. It is pyroelectric. 

Pyr, Ac. B. P. In 0. F. melts rapidly to a metallic globule which 
is not magnetic. In the R. F., it becomes a magnetic scoria and arsenic is 
given off. Soluble in acids. 

With the blowpipe and with acids, it is easily distinguished from thu 
copper salts which it resembles. 

FORMULA OF THE CRYSTALS. 
Pi XIX. 

Fig. 15. ooOoo. — • 
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Arseniosiderite. Ca" l< + 4 ¥e^ ls-(-15 ^. 

It is quitjii rare, and is found in fibrous concretions of a yellowish-brown 
golden color. Lustre, silky. Streak, yellowish-brown. H«=l-2. 
• =3.52-2.88. Composition, Is 37.9, Pe 42.1, Ca 11.1, fl 8.9. 
^^■jrr. Ac, B. P. The same as Scorodite. 

Siderite. ^e C. Hexagonal. 

r. — Ohalybite, Spathic Iron, Spherosiderite, Spatheisenstein, Eisen- 
spath, Fer spathique, Fer carbonate, Siderose. 

It crystallizes in rhombohedra of 107°, with a very easy cleavage parallel 
the faces of the rhombohedron. It is generally found as the primitive 
^l:iombohedroti with curved faces, the curve affecting even the cleavage. 
I^ti is also found in lenticular and cockscomb crystals. Its fracture is lamellar, 
^«trely con'choidal. Lustre, vitreous or pearly. When just taken from the 
"^xxine and quite pure, it is sometimes entirely white, but it soon becomes 
-Altered in the air, and takes a grayish color, which sometime^ becomes 
V>Town, brownish red or green. Streak, white. H. =3.5-4.5. G,= 
-^.7-3.9. Composition, ^e 62.1, 6 37.9. 

Pjrr. Ac, B. P. On Ch., blackens and fuses at 4.5. Heated in a 
-<ilosed tube, it decrepitates, blackens and gives a magnetic powder. In 0. F., 
"^lie ^e becomes l^e, in R. F. becomes magnetic. With acids, it effer- 
"Vesces slowly when cold. 

It is found crystalline and compact It was supposed for a long time, 
"that an Aragonite of iron called »Tunckerite existed, which was isomor- 
phous with the carbonates of baryta, strontia, lime and lead, but it has 
1)een proved not to be well founded. It is almost to be regretted that 
it is not so. It is sometimes entirely black, owing to the presence of 
manganese. This decomposition is remarkable, since carbonate of iron 
- and manganese when perfectly pure do not easily become peroxidized. 
It is also found in beds of different colors, which have been formed by 
* the decomposition of sulphates of iron in contact with organic matter, pro- 
•ducing Pyrite and Siderite. It generally has a lustre analogous to that of 
Dolomite, but its density is nearly 4, while that of Dolomite is 2.8 to 3. 
When found in lamellar, saccharoidal masses or granular, it resembles Calcite, 
but the density distinguishes it. Exceptionally, it is found fibrous. This 
variety is distins^uished under the name of Spherosiderite ; it is generally 
found in cavities in Basalt, forming little mamelons with a velvety surface, 
and a fibrous or scaly fracture. It might be mistaken for Sphalerite, but 
the action of acids will distinguish it. The lithoidal variety of Siderite 
is whitish or brownish in a fresh fracture, but is quickly altered on expo- 
sure to the air and becomes brown. Its fracture is compact and conchoi- 
dal, and is devoid of lustre. These masses have no very distinctive charac- 
teristics, and can only be distinguished by the action of acids. It is most 
extensively found in the coal formation, in which case it is black or 
brownish. When it is associated with bituminous matter, it is called 
Black band. One of the ordinary appearances of this variety is in the 
shape of Septaria. These are spheroidal, flattened and brownish masses, 
which have been cracked during their formation, and subsequently these 
-cracks filled with Calcite and Quartz. It also forms pseudomorphs. It is 
•distinguished from Dolomite and Calcite, which it resembles, by its higher 
*«pecific gravity, and by giving a magnetic globule. 
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Siderite is one of the most important ores of iron. It is found in vein* 
at New Milford, Conn., Plymouth, N. H., and Stirling, Mass., and other 
places. The argillaceous variety is very abundant in the coal formatioiu- 

FORBiULiB OF THE CRYSTALS. 

PI. XXIV. 
Mg, 5. R. Faces usually curved. Fig. 6. R. OR. 

MenaocaniCe. (Ti, Fe, Mn, Mg)* 0*. Hexagonal. 

Stn. — Washingtonite, Crichtonite, Bmenite, Titanic Iron, Titaneisenstein,. 

Titaneisen, Eisenrose, Iserin, Basanomelan. 

It crystallizes as a rhombohedron of 85* 40'. It has a number oi 
derived forms, many of which are hemihedral and twins. Lustre, metallic. 
Color, bluish-black. Streak, black or reddish-black. H;=5.6. 0«= 
4.5-5. The composition varies greatly. Ti 10-59, 3Pe 1.2-82.47, Je- 
1.5-50.17. 

Pjrr. Ac. B. P. It is infusible; with S.Ph. in the 0. F. it ia- 
dissolved. In R. F., it gives a bead, which is colorless when hot, but 
dark violet on cooling. When pulverized and heated with HCl, it is 
slowly dissolved to a yellow solution, which, when filtered and boiled 
with tin, becomes violet. 

It has the same general characteristics as Magnetite, except perhaps 
that it is a little bluer and does not attract the magnet. The crystals, 
which are quite rare, are sometimes very large, ai>d generally have a red- 
dish tinge on the surface, owing to a partial decomposition. It is fre- 
quently found as a sand. It is very rare that Magnetites do not contain 
some trace of Titanic Iron. It is also frequently found in the other ores of" 
iron, as in Hematite, for in almost all of the furnaces where these ores^ 
are used, nitrocyanide of titanium is found. It has less lustre than 
Hematite, and has a black streak. It is of little value as an ore of iron, 
as it is too refractory to smelt in large quantities. It is found in large 
crystals in Orange Co., N. Y., also at Washington and elsewhere iD 
Conn., and in Mass. and R. I. 

FORMULA OF THE GRYSTAL& 

PI XXIV. 

Fig. 7. R. OR. -2R. ^-^. Fig, 8. 5 R. OR. Fig. 9. 5R. 
R. OR. 

Ctaromite. (("e, Or, Ag) (XI, Pe, ^r). Isometric. 
Syn. — Chromic Iron, Chromeisenstein, Fer chromat^. 

It is one of the Spinels of iron, a sort of Magnetite, in which the l?e is 
replaced by <9r, and XL It has the same forms as Magnetite, but is not 
so frequently crystallized nor so perfectly. Its usual form is the octahe- 
dron, more rarely the cube. Fracture, uneven. Lustre, semi-metallic. 
Opaque. Color, brownish-black. Streak, brown. Sometimes slightly 
maofnetic. H.=5 5. O. =4.321-4.498. Composition, for the formula. 
I^e '^r, fa 32, '^v 68. 

Pyr. Ac. B. P. In 0. F. mfusible ; in R. F., slightly rounded on 
the edges and becomes magnetic. With fluxes, gives the reactions for 
chromium, which distinguish it from Magnetite. It is not attacked by- 
acids. 
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It resembles Magnetite and cannot be distinguished from it with certaiotj, 
except by its chemical properties. It is perhaps a little blacker than 
ordinary Magnetite, but this is only an external character, which may not 
hold good. It is often found as a sand composed of octahedral crystals. 
It is used for the manufacture of pigments. It is found in Vermont, 
Massaochusetts, Connecticut, Pennsylvania, Maryland and elsewhere. 

ColambUe. (f^e, ]ii[n) (Cb, ta). Ortuorbombio. 

Syn. — ^Niobite. 

Crystallizes as a right rhombic prism of 101° 26'. The forms which pre- 
dominate are those of the square prism, the angles of which are frequently 
so highly modified, as to appear rounded. It has cleavages parallel to both 
macro and brachypinacoids. Fracture, uneven. Lustre, submetallic. 
Opaque. Streak, dark red to black. H.=6. C». =5.4-6.5. Composi- 
tion, for te Ob, i'e 21.17, Cb 78.83. The columbic acid is always in 
excess. 

Pjrr. Ac. B. P. With borax it is dissolved, giving the reactions for 
iron. If flamed in the R. F., gives a grayish- white bead, or, if there is an 
excess, the bead becomes opaque without flaming. 

Its very dark color and a shght iridescence which is almost always 
found on the specimens, distinguishes it from other minerals. Its princi- 
pal locahties in the U. S. are Haddam and Middletown, Conn., where it 
occurs in crystals and in pieces of considerable size in the Feldspar 
quarries. 

FORMULA OF THE CRYSTALS. 
PI XXIV. 

i^. 10. jopQo qqP3 c»Poo. op. 3?3^ P., iPoo. Mg. IL 
xPoo. ooPoo. odP. oop3. OP. P. 2Poo. P oo. i^. 12. 
xPoo. Poo. ipQo p 00 Poo. 2 P. oo?3.0oP. ^i^. I3.00P00. 
iPoo. Poo. 2 Poo. 00 P. P. 3p3. 00P3. 2P. 3P3. Fig. 14. 
00 Px. 00 Poo. 00 P 2, 00 P. P3. 

WolflramUe. 2 l^e W-h 3 Jfiln W or 4 ^e W-h lin W. Orthorhombio 

Syn. — Wolfram. 

Its primitive form is a right rhombic prism of 101° 5', with a very easy 
cleavage parallel to the brachypiracoid, which gives it a lamellar struc- 
ture, and another perpendicular to it, which is not so easy. The crystals 
usually show the prism and macrodome very prominently, but are rarely 
complete. They are usually striated, on account of the easy cleavage 
parallel to the brachypinacoid. They show the hemihedry with parallel 
faces. They are olten macled and, as this made is not parallel, the 
cleavage shows reentrant angles. Lustre, semi-metallic. Opaque. Color, 
dark grayish or brownish- black. IStreak, dark reddish- brown or black. 
It is sometim«.'s slightly magnetic. H.=5-.65. O. =7. 1-7.55. Compo- 
sition, for the first fomiula, W, 75.33, fe 9.55, fin 15.12 ; for the second, 
W76.2, i'eo.e, Mn 17.94. 

PjT. &e, B. P. Fuses at 2.5-3 to a globule studded with crys- 
tals. With borax and S.Ph. gives the reaction of tungstic acid, red when 

9 



130 LECTURES ON MINERALOGY, 

hot, yellow when cold. It is attacked with difficulty by acids, and gives 
up tungstic acid when cold. 

It is also found in lamellar masses made up of imperfect crystals. Its 
density fracture and streak distinguish it from Hematite and Magnetite, 
which it very often resembles. It has been found in Munroe, Trumbull, 
Conn.,. also in Maryland, N. Carolina, and Missouri. 

FORMULiB OF THE CRTSTAL& 
PI XXIV. 

Mg. 15._ 00 P.^ 00 Poo. iPoo. "Poo. Mg. 16. ooP. iPoo. 
00 Poo. 00 P 2. P^oo. P. 2P2. Fig, 17. Twin crystal; composi- 
tion-face 00 P 00. Fig. 18. Twin crystal; composition-face f Poo. 

Braunitc. Mn Mn, or fin. Trtragonal. 

Syn.- -Hartbraunstein. 

It crystallizes as a p^Taraid, the angle of which is 119° 46'. It is 
not isomorphous with Hematite, which is hexagonal. Some of the 
varieties show an obscure pyramidal cleavage, but crystals are comparative- 
ly rare. They are generally pyramids, which are less acute than those of 
Hausmannite ; they frequently show the base, and have curved faces. 
Smaller crystals are sometimes found with the pyramid and dipyra- 
mid. It has an uneven fracture and a metallic lustre, which is sometimes 
quite distinct. Opaque. It is black, with more or less of a bluish or 
brownish tint. Its streak is brown into black, without any tinge of red, 
which distinguishes it from Hausmannite, which is often found on the 
same specimen. II.= 6-6.5. O. =4. 75-4.82. Composition, Mn 86.95, 
9.85, Ba 2.25, S 0.95. 

Pjrr. dec. B. P. Infusible and does not give off S. With fluxes, 
gives the reactions for Mn. The non-oxidizing acids hardly attack it and 
give off only a little CI. With HCl, CI is evolved. When it contains 
Rhodonite, gelatinous silica is deposited. 

It is almost always found in granular masses, of a bluish-black color. 
The grains are very small and do not show cleavage. The bluish lustre 
will distinguish them from Magnetite and Hematite, but the color of 
their streak is a better distinction. Like Alabandite, Braunite is often 
found in little veins in the silicate or carbonate of manganese, as a product 
of their decomposition, in which case it is very impure and gives up 
gelatinous silica, or even effervesces slightly. It is also found associated 
with other minerals of manganese, as the violet variety of Epidote, 
th3 Titanite containing manganese, and Hausmannite. 

Hauiinaiiiiite. Mn^ Mn. Tetragonal. 

Syn. — Glanzbraunstein. 

The angle of the pyramid is 105° 25'. It is the red oxide of man- 
gauese of the laboratories. It has an easy cleavage parallel to the base 
and pyramidal cleavages, which are more difficult The simple crystals 
are pyramids, which are sometimes truncated. They are often grouped 
2 by 2 or 4 by 4, the twin plane being parallel to the pyramid. Its 
fracture is uneven. Lustre, submetallic. Opaque. Its color is generally 
brown, almost black. Streak, chestnut -brown, almost red. H. =5-5.5. 
G.=4 722. Composition, Mn 72.1, O 27.9. 

Pyr. &c. B. P. Alone, it is infusible. With the fluxes, gives the 
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-reactions for Mn. The non-oxidizing acids attack it, giving but little CI. 

EOl, gives Ci. 

Besides the crystals, crystalline masses are found which sometimes 

shaw the points of crystals; often in others there are no crystals but 
-only cleavages. They are often deep black, which easily distinguishes 

■fchem from the oxides of iron. If it is crystallized, the acute octahe- 
• dra are easily distinguished. The best and most distinctive characteristic 

is that of its streak, which is dark reddish-brown with the red color 

most distinct Sometimes these masses resemble Magnetite, but are dis- 
■t^inguished because they are not magnetic, and Magnetite has a black 
-streak ; the red of Hematite is quite different. Wolframite, which some- 
-times resembles it^ has a much higher density but a dark brown streak. 

FORMULiK OF THE CRYSTALS. 

PI XXIV. 
Fig. 19. P. Fig. 20. Twin crystal ; composition-face P oo. PL 

XXV. Fig. 1. Twinning repeated with four individuals. 

PyrolusUe. Mn. Orthorhombic. 

Syn. — Weichmanganerz. 

It crystallines as a right rhombic prism of 93** 40', with a cleavage 
'parallel to the brachypinacoid. The crystals are always implanted in a 
'^angue and only show their ends. It is sometimes found in radiated 
iDacillary masses, showing in their fracture a lustre which is at the same 
"time metallic and silky, with a gray iron color. Its fracture is irregular 
•^nd upequal. Lustre, metallic. Opaque. Color, iron-black or darksteel- 
^ray. Streak, black. H.=2-2.5. G.=4.82. Composition, Mn 63.3, 

Pjrr. &c« B. P. Is infusible, gives off no water. With fluxes, it 

-^ives the reactions for Mn. Gives CI with HCl. 

It is very fragile, stains the fingers black and is easily broken up with the 

-mail It is also found concretionary, sometimes in tubercular masses. 
^Sometimes in stalactites, when it is usually cavernous. It is made up of con- 

•<2entric beds of fibres fastened together at the surface, which is smooth, and 
"tJie adhesion is consequently not very great. Such masses are very 
tender, their fracture is fibrous ; sometimes it is compact when impure. It 
is also found amorphous, in large masses disseminated in earthy matter. 
Xt is then intensely black without lustre, showing sometimes in the fresh 

'fractures a slight semi-metallic reflection, resembling several metallic 

'^sulphides. It is only distinguished by its streak and blowpipe read ions. 
Xt is found in all the geological formations, probably produced by the 

- <iecomposition of the carbonate, as little masses and frequently as dendrites. 
it resembles Psilomelane, but is distmguished by its inferior hardness. 
^rorn the ores of iron, it is distinguished by the blowpipe. It is used in 
-^lass works for making bleaching powders and also for the manufacture 
"^jf oxygen. It is found in many of the iron mines of the U. S., forming 
'=^ velvety coating usually on Limonite. 

FORMULA OF THE CRYSTALS. 

PI XXV, 
J1^. 2. ooP. ooPoo. ooPoo. Poo. OP. 
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Blangaiiite. Mn S. Orthorhombic. 

Syn. — Acerdese. 

It orystallizcs as a right rhombic prism of 99" 40', with an easy cleav- 
i^fi« parallel to the brachypinacoid, and another more,difficuit, parallel to the- 
|»»iMin. it is usually well crystallized. The crystals are usually formed 
liy tlu) faces of the prism, frequently terminated by a macrodome or au 
iioUhedron. Generally, however, the crystals have a very much larger 
luuaber of faces, which produce very marked striations on the vertical 
iKoos, so that they are often fluted and rounded. The crystals which have 
\\w banal terminations are frequently joined together parallel to the prism. 
Tho common base is in that case striated and undulated, by the projection 
of tho terminations of the different crystals. The crystals in such a case- 
urt) very umch striated and frequently very large. It also shows macles^ 
formed by a hemitrope parallel to the brachydome. It is also found in? 
bucillary masses, made up of crystals diverging from a common center. 
ItH fracture is uneven. Lustre, semi-metalUc. Opaque. Color, dark- 
brown or iron-black. Streak, reddish-brown to nearly black, darker thaa 
liimonite. Its color is intermediate between that of Braunite and Uaus- 
uiannite, and might result from a mixture of two. It is well in the pre- 
Monoe of such a powder to seek for water. 

Pyp. &;c. B. P. In a tube gives off fl, and is then infusible; this; 
dintrnguishes it froYn the other oxides. With fluxes, it gives the reactions 
for Mn. In acids, even before calcination, it is dissolved and gives off CL 

It is also found concretionary and stalactitic, resembling the forms of 
I'vrolusite, but usually harder. The distinction is easily made by the color 
ui the streak and the presence of water. It is found also as very small 
orvHtuls imbedded in compact Manganite, which has a granular fracture,. 
Which may also be unequal. The mineral is then in concentric layers. 
It is also found in amorphous masses, which may be distinguished from* 
Pyrolusite by their hardness, their streak, and the presence of water. 
Piilomelane often contains a considerable amount of Manganite, which is 
the reason why it gives off so much water. Manganite is found very abun- 
dantly in nature, but it gives too little chlorine to be used as a substitute 
for Pyrolusite ; it does not pay the expenses of working, 

FORMULA OF THE CRYSTALS. 

Fl XXV. 

Fig. 3. ooP. ooP2. ooP2. P3. 2P. 2?2. f P2; the last 
form is hemihedral, as a rhombic sphenoid. Mg, 4. Horizontal projec- 
tion of the preceding combination. Mg. 5. Twin crystal ; composiiion- 
faoe parallel to the vertical axis. Mg 6. Twin crystal ; composition-face 

Poo. 

Psllomelane. (Ba Ittn) Mn + Mn + nfl Mn. 

Syn. — Hartmanganerz. 

It is never crystalline, but massive and botryoidal ; sometimes the free 
Pyrolusite which is mixed with it, shows traces of crystallization. This 
formula is the one around which the mineral varies. It appears to be a 
mixture in variable quantities of Pyrolusite, and Pyrolusite combined with 
baseS; which are most generally ioa, sometimes Ca, rarely alkalies or afcl^ 
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^th a variable proportion of water. Not having a very well defineO 
composition, it has no very fixed characters. It is harder than Pyrolusiie, 
and sometimes even strikes fire with the steel. This is owing to the pre- 
sence of silica, which separates in a gelatinous state when it is treated 
with acids. Lustre, submetallic. Opaque. Color, iron-black. Streak. 
"brownish-black and shining. II.—5.6. 0=3.7-4.7. Composition, Mr. 
And Mn 81.8, 9.5, t 4.5, S 4.2. 

Pyr. Ac, B. P. In a closed tube yields fif. Loses oxygen l>v 
ignition. Gives the reactions for Mn. Yields CI with HCl. 
It appears to be a product deposited by mineral waters. There is now at 
Luxeuil, in France, Thermal Springs which abandon a deposit, which is 
•quite analogous, produced by the decomposition of Sin held in solution. 
This spring holds in solution also the earthy carbonates and silica. Tlie 
deposit which forms is compact and is quite comparable to Psilomelane. 
It is also found in concretions resembling Pyrolusite, on breaking which, 
fibres are found, which are generally pure Pyrolusite. It is also found 
in compact masses, with a variable fracture, and with characters quite 
analogous to those of Pyrolusite, generally black with a black streak. 
Its hardness distinguishes it. In thej^e compounds the Mn seems to act 
Yike an acid and to saturate bases. It has the same uses as Pyrolusite. 

Wad. & Mn+a. fi=t, fia, Co, Mn. 

Stn. — Bog Manganese, Asbolite, Asbolan, Kobaltmanganerz, Schwarzer 

Erdkobalt, Lampadite. 

This mineral is found in nature in two diflferent states. It is some- 
times in large amorphous masses, brown nearly black, which soil the 
fingers with a chocolate-brown powder. It has such a low density, that 
". is fi-equently called Cork Manganese. It is easily cut with a knife, but 
can hardly be pulverized with a pestle, for it shows a certain degree of 
elasticity. It has no lustre. It frequently contains Co, and is then 
•called Earthy Cobalt. Sometimes it contains Cu. It is often very light 
And soils the fingers. Its color is a dull bluish or brownish-black, or 
reddish-brown. H.=0.5-6. 0.=3-4.26. Composition, Jftn Mn 79.12, 
O 8.82, Ba 1.4, fllO.66. 

Pyr. dec. B. P. Acts like Psilomelane, the varieties containing 
•Oo or Cu react for these metals. Treated with HCl, gives ofiF CI. 

It may sometimes be found as a concretion. It seems to have been a 
muddy deposit, which has afterwards become dry. for the masses are 
usually very much cracked. When it is found in large masses it can 
t)e profitably used in commerce, for it is easily soluble and gives ofi^ a 
^reat deal of CI. In some of the Limonite mines, it is found in a condition 
totally different and has a silvery look. It is then called Silvery Manga- 
nese. It is found on the surfaces of the ore, as a velvety covering, with 
almost a metallic lustre. With the glass, little soft elastic scales of very 
thin Wad are distinctly seen. In some localities the one passes into the 
other, and the entire mass is then compact, with traces of a silvery lustre. 
It is used for making CI, but is too impure to make oxygen. It is some- 
times used as a paint. It is faund abundantly in N. Y. and N. H. 

Distinction between the Oxides of Manganese. — These oxides of Mangan- 
ese are very difficult to distinguish with the blowpipe, as they all give 
the same violet bead with fluxes. Manganite is distinguished by giving 
off water, from Biaunite, Hausmannite and Pyrolusite. Wad is distin* 
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guished especially by its lightness ; for all the others, the best distinctiouir 
are taken from the color of their streaks. 

Hausmannite. — Acute pyramids with plane faces ; traces of cleavage ;. 
streak brownish-red. 

Braunite. — Pyramids, curved faces without cleavage ; granular with a» 
bluish-black color ; streak, brown. 

Pyrolusitb. — Tender ; stains paper black. 

MANOANrrE. — Black, with no bluish color; fracture granular; streak,, 
brown. Hardness greater than the others ; gives off water. 

Wad. — Light ; soils the fingers chocolate-brown and gives off water. 

The only remaining oxide is Psilomelane which has no very distinct 
characters. It is generally necessary to make a chemical test for Ba, by 
treating with HCl and then with S. Its hardness is generally greater 
than that of the other oxides. 

Alabandite. MnS. Isometric. 
Syn. — Alabandine, Manganblende, Manganese sulfur^. 

It is sometimes found in nature in cubes and octahedra and in ci*y8tal- 
iine masses which are lamellar and have an easy cubical cleavage, but crys- 
tals are quite rare. Its fracture is uneven. In its fresh fractures, it has a^ 
metallic lustre with an iron-gray color. It becomes tarnished black or 
brown in the air. The streak is a characteristic gieen. BI.=3.5-4. O^ 
=3.95-4.04. Composition, Mn 63.3, S 36.7. 

Pyr. dec. B. P. In an open tube, gives S ; is fusible with diffi* 
culty on the edges. In 0. R, it is hardly roasted, but after the roasting,, 
during which some S is given off, the red oxide of Mn gives Mn reactions. 
With soda and nitre it gives a green color ; with borax, a violet glass. 
Soluble in dilute fi, giving off HS. 

It is a very rare mineral and is found in a semi-crystalline state, associa*^ 
ted with other minerals of Mn, the silicate and carbonate. The Alabandite- 
is deposited in gray veins or patches through tJie latter, which gives it a pe- 
culiar look. This is one of the empirical means of distinguishing it. 

TriplUe. :ft*P+R*F. Orthorhombic. 
Syn. — ^Eisenapatit, Eisenpecherz, Zwieselit, Manganese phosphate. 

This is the usual phosphate of manganese. Cleavage unequal in three- 
directions, perpendicular to each other. Fracture, small conchoidal. In. 
the fresh fractures, it is of a violet color, which is often intense, but as soon, 
as it is exposed to the air, it becomes black or dark-brown. It is always 
opaque. The fracture and the lustre are resinous, especially in the varie- 
ties which have been altered and which do not show much cleavaga 
Opaque. Streak, yellowish-gray or brown. Very fragile. H. =4-5.5. 
G.=3.44-3.8. Composition, P 32.8, te 31.9, Mn 32.6, Oa 3.2. The ft: 
of this formula is f'e and Mn ; the R is Ca, Mg, Fe. 

Pyr. Ac. B. P. Fuses easily at 1.5 to a black magnetic globule^ 
Gives the reactions for mang^anese, iron and phosphoric acid. With S^ 
gives HFl. Soluble in HCf. 

The phosphates of inanpranese are the products of a more or less ad- 
vanced decomposition. They are always impure and contain a more or 
less amount of iron. Its resinous lustre is characteristic, which, joined to- 
tlie brownish-black color, allows it to be immediately distinguished^ 
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Only one substance, Uraninite, has this color with the resinous lustre, bat 
it is easily distinguished by its density, which is above 6.5, while that of 
Triplite is about 4. 

Rtaodocliro§ite. An 0. Hexagonal. 

Stn. — Dialogite, Himbeerspath, Rosenspath, Manganspath, Mangan^e 

carbonat^. 

It crystallizes in rhombohedra of 106° 51', frequently with curved 
fiices. It has a rhombohedral cleavage, which is sometimes curved, but 
it is not easy. The crystals are usually very small, and the usual one 
shown is the rhombohedron. They are geuerally grouped and inter- 
penetrated one with the other, making spherical mamelons, and forming 
a coating on a gangue, which is usually Barite or Quartz. On these 
coatings the points of crystals are sometimes seen, which have a velvety 
lustre. The fracture of these little mamelons is semi-lauiellar or fibrous. 
The fracture is ordinarily uneven, sometimes fibrous and rarely compact. 
It is quite brittle. Lustre, vitreous or pearly on the fracture. Translu- 
centb Opaque. Its colors are rose, which may be more or less dark, 
yellowish-gray, dark red or brown. Streak, white. II.= 3.5-4.5. 0.= 
3.4-3.7. Composition, G 38.6, iSln 61.4. It is rarely ever pure, and 
usually contains Oa and lilg. 

Pjrr. &c« B« P. Decrepitates a little, becomes black and is infu- 
sible if it is pure. When it contains sihca, it sometimes fuses slightly. 
It effervesces easily with acids, but not as easily as Calcite, as it must be 
heated a Uttle. 

Sometimes it occurs as an imperfect coating, which is pulveru- 
lent and earthy, slightly colored, and generally mixed with Oalcite. 
The lamellar masses resemble Calcite, but the color and density 
distinguish iU It is often mixed with Siderite, Maguesite or Dolomite. 
It decomposes on exposure like the silicate, and is then covered with 
black spots of the different oxides, or of the sulphide, which is easy to 
determine by the color of the streak. It is found in Vermont, Massachu- 
setts, New York and elsewhere. 

COBALT. 

liinnaeite. 2 Co S 4- Co S^ Isometuic. 

Syn. — Cobalt Pyrites, Siegenite, Kobaltkies, Kobaltnickelkies, 

Cobalt sulfur^. 

It has an imperfect cubical cleavage. The ordinary form of the crys 
tals is the octahedron, which, with the cube, always has plane faces. 
Itii forms are usually holohedral. The fracture is unequal. Lustra 
metallic. The color is gray, with a slight rosy tint, but becomes red bj 
tarnish. Streak, blackish-grav. H.=5.5 O. =4.8-5. Compositi(m, 
S 4.2, Co 58. 

JPyr. Ac. B. P. In O. F., it is roasted and sometimes gives slight 
traces of As or Sb. In the R. F., it gives a magnetic residue, and with 
fluxes the reactions for Co. It is insoluble in the non-oxidizmg acids, but 
in N it is dissolved, giving a rose-colored liquid and deposit of sulphur. 

It is sometimes accompanied by other mmerals of cobalt, or associated 
with a gangue. It has been found at Mine la Motte, in Missouri, and at 
Mineral Hill, Maryland. 

FORMULA OF THE CRYSTALS. 

PI XXV. 

Mg, 7. O. Fig. 8. 0. ooOc»; the most frequent form. 
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Biebeiite. (Co, fig) S + 7 fi. Monoclinto. 

Stn.— Cobalt Vitriol, Red Vitriol, Kobaltvitriol, Cobalt sulfate. 

It is usually found as a product of the alteration of Smaltite. It is a 
very incoherent mass with a styptic taste, and is generally found as a 
pulverulent coating. It usually contains Fe S. Lustre, vitreous. Trans- 
lucent. Color, flesh and rose-red. 0.= 1.924. Composition, S 28.4, 
6o 2.5.5, 5 46.1. 

Pyr. &e. B. P. Yields tL and at a high heat, S. Q-ives the reac- 
tions for Co. It is rather a product of decomposition than a mineral. 

SmaUiCe. (Co, Fe, Ni) As'. Isometbio. 

Syn. — Smaltine, Chloanthite, Speiskobalt, Cobalt arsenical 

It occurs in crystals, the dominant form of which is generally the cube, 
but it always has octahedrlil faces which are convex, while those of Lianas- 
ite are plane. It is also found massive, with various imitative shapes. 
The cleavage is distinct, parallel to the octahedron and in traces, parallel 
to the cube. Lustre, metallic. Fracture, granular and uneven. Color, 
generally a silver or tin-white, sometimes iridescent or grayish from 
tarnish. Streak, grayish-blick. H[.=5.5-6. G. =6.4-7.2. Composi- 
tion, As 72.1, Co 9.4, Ni 9.5, Fe 9.0. 

P)rr, Ae, B. P. On Ch., it gives As, and fuses to a globule. In a 
tube, it gives an arsenic mirror. With the fluxes, it affords the reactions 
for Co, Fe, and Ni. It is not attacked by the non-oxidizing acids. 

The slightly crystalline masses usually have a reticulated structure. It 
is also found in amorphous masses of a steel-gray color. It is sometimes 
covered with a green coating, which results from the nickel that it contains. 
It is also found in masses, which have a semi-granular or semi-lamellar 
fracture. There is a great resemblance between these masses, Linnseite 
and Native Bismuth; but Linnaeite is less lamellar and does not give off 
As : Bismuth is redder and cleaves in three directions and has a lamellar 
fracture. From Arsenopyrite and Leucopyrite, it can be easily distinguish- 
ed by the crystalline form and blowpipe reactions. 

It has been found in the U. S., at Chatham, Ct. It is used for making 
smalt; hence its name. 

FORMULA OF THE CRYSTALS. 

PL XXV. 
Fig. 9. 00 00. ; the most usual form. Mg. 10. oc oo. oo 0. 

CobaltiCe. Co ( S, As y Isometric. 

Syn. — Cobaltine, Kobaltglanz, Q-lanzkobalt. Cobalt gris. 

The form of the crystals is the same as that of Pyrite, and it occurs in 
the same combinations. It shows the hemihedry of parallel faces in its 
crystals, which are well defined and which are its usual mode of occur- 
rence. It has a cleavage, parallel to the cube, so that in masses it is 
always lamellar. The crystals are frequently octahedral, but they always 
have the faces of the hemi-tetrahexahedron. The faces of the cube are 
usually striated as in Pyrite, but those of the octahedron are smooth. The 
Hemihedry distinguishes it from Linnaeite, which has the same metallic 
lustre, but which is holohedral. It has the same formula as Arsenopyrite, 
b.»it is not isomorphous with it, although it always contains seme iron. 
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J[«U3tre, metallic. Fracture, uneven. Color, silver- white, often a little 
crosy and also grayish, if much iron is present. Streak, grayish-black. 

H,=5.5. 0.=G-63. Composition, As 45.2, Co 35. 5, S 19.3. 

Pyr. Slc. B. p. In a closed tube is unaltered ; but in an opea 
-tube gives S and a crystalUne sublimate of £s. On Ch., affords fumes of 

S and As and fuses to a magnetic globule. With the fluxes gives the re- 
-actions for Co, Ni and Fe. It is soluble in warm fi, giving a rose-colored 

liquid and depositing 2ls and S. It is used in the manufacture of smalt 

-and for painting porcelain. 

FORMULiB OF THE CRYSTALS. 

PL XXV. 
oo02 
^.11. — 2 — • ooOoc; the most usual and characteristic fom*. 

oo02 
IHg. 12. 0. .> . Fig. 13. The same, with the two forms equallj 

0002 
^earned out ; also a characteristic fonn. Fig, 14. — o~" • 0. Fig, 16. 

ooOoo. 0. .5^^ -^2i _?i>t 

2 • 2 2 

Erjrtliiite. do' Xs+8 fi. MoNooLnna 

Stn. — Erythrine, Cobalt Bloom, Kobaltbluthe, Cobalt arseniat^. 

It has an easy cleavage, parallel to the clinopinacoid and is isomorphous 
with Vivianite. Lustre on the clinopinacoid, pearly, on the other faces 
adamantine, also dull or earthy. Transparent, translucent. It has a 
Tiolet-rose color which is entirely characteristic, sometimes having the 
-color of peach blossoms ; sometimes greenish-gray. Streak, a little paler 
than the color. These small crystals are frequently grouped in such a way 
as to give the mineral a velvety appearance. The crystals are always 
very small. H[.= 1.5-2.5. G,=2.948. Composition, Ss 38.48. Co 
37.55, fl 34.02. 

Pjrr. Ac, B. P. In a closed tube it loses water, and from a rose 
color passes to a dark violet In R. F., it gives off As. In acids, it dis- 
solves without effervescence and without residue. G-enerally it is a rosy 
efflorescence on other minerals of cobalt. It often colors other minerals; 
it requires only 1 or 2 ^j^ to five a decided color. 

Reming^tonite. Co 0+Aq 

This is the same carbonate which is obtained in the laboratories. It 
-colors certain limestones, in which it enters to the extent of 4 to 5 ^' 
This same color may be produced by Erythrite. The difference is diffi- 
cult to distinguish by the eye, but can be distinguished by the blowpipe. 
It is soluble in HCl, and gives decided reactions for iron. Cobalt is dis- 
tinguished by the borax bead. G-enerally the specimens are nothing but 
Aragonite slightly colored. 

It resembles Kermesite, but this volatilizes entirely before the blowpipe. 
It resembles some varieties of Cuprite, but is distinguished by the reac- 
tions with borax. It has been found at Finksburg, Md., at Chatham, 
Oonn., and Mine la Motte, Missouri. 
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KICKEL. 

Millerite, Ni S, Hexagohau 
Stk. — Capillaiy Pyrites, Haarkies, Schwefelaiokel, Nickel suliiirAi 

It is generally crystallized and perfectly pure. It bus traces of ft. 
rhombohedraJ cleavage, whiuh is generally aimost impossible to deter- 
mine, on account of ihe very small size of tbe crystals. Its lustre is- 
metallic. Color, brass-yellow and often with an iridescent tarniah. 
Streak, bright. H.=3-a.5. Ci.=1.6 - 5.65. Composition, Ni 64 9 
a 35.1. 

Fyr. Ac. B. P. lit anopen tube itgivessulphurousiiinies; oaOh., 
after roasting in 0. P., it gives in B. 1'. a magnetic globule. It is attacked", 
by the non-oxidizing acids and gives the green color of nickel 

It can readily be distinguished from Pyrice by the disposition of ite- 
ciystals, which are always capillary, sometimes extended on the gangue, 
and sometimes adhering by one extremity only and diverging. U is fre- 
quently called Capillary Pyrites. It is found with other metaliio sul- 
phidaa, Pyrite, Tetrahearit*; and especially with Pyrrhotite, in which it 
appears to replace a portion of the Fe S, and is one of the principal ores of 
nidteL To be certain of the presence of nickel, the mineral must first be 
roasted, atid then fdsed with boras or 3,Ph. If there is no nickel, the 
result is a yellow glass not very hiehly colored ; when there is, the gla8»i 
is violet in tbe oxidizing flaroe, ana gray in tbe reducing flame. It ia: 
found in capillary fibers at Antwerp, Jeiferfon Connly, N. Y.. and in 
inga of a radiated siruotuve having » tult<^d appearanre, at the Gap 



Stn.— Copper Nickel, Kupfernickel, Rotliniokelkies, Niokeline. 

Crystals are exceedingly rare ; it is usually found amorphous. On tbe* 
t ieh fracture the lustre is briglit and metallic, but the surfaces beoom* 
tarnished by exposure. They ai'e oHen covered with a greenish coating of 
Annabergil«, waich can be used as an empirical character for distinguish- 
in(f it. It is always opaiiue. Its color is a light copper-red, which is.. 
qmte characteristic. The inlennity of the color, however, is variable and- 
is subject to tarnish ; those specimens which contain antimony are muclk 
darker, while those containing arsenic are paler, tjtreak, pale brownie- 
black. H.=5-5.5. G. =7.33-7.671. Composition, Ni 44.1, As 65.9, 

Ni As must be regarded as a general formula, for Niccoltte is one of the- 
hybrid species, in which arsenic and antimony replace eecli other, as th» 
mineral may contain one atom uf both together, or one atom of only o(le^ 
combined with one atom of nickel, 

Pyr. Ac. B. P. On Ch., it gives off a garlic order with wbite 
vapors, and fuses to a metallic globule, which with flusea, gives the 
reactions for Pe, Co, Ni. It is soluble in aqua regia. 

The copper-colored mineral is ollen associated with a tin-wbitJ3 mineral 
whiuli is Ranioielsbergite, Ni AB^ This is one of its most characteristic 
associations. Tbe color might cause it to be mistaken for metallic bismut' ' 
which, however, is almost Eilwnys crystalline, and has a density about 
It is liiund at Oliathani, Conn. 
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ITllmannlte. Ni ( S, As, Sb )^ Isometric. 

Sth. — ^Nickel Stibine, Nickelantiraonkies, Nickelspiessglanzerz, Antimoin« 

sulfur^ nickelifere. 

It IS another of the hybrid species, in which Ni, Co, Mn, Fe, As, Sb and 
8 may replace each other in every proportion. It has traces of a cubical 
cleavage It is sometimes found in crystals ; they are generally rounded 
cubes, on which octahedral faces are sometimes seen, which also are- 
rounded. On the fresh fractures it has a metallic lustre and a tin-gray 
color, which however becomes dull. The natural surfaces are almost 
always altered and are covered with a greenish or reddish coating, which i* 
an arsenite of nickel or cobalt. 

Pyr. &c. B. P. Heated in a tube, it gives the faint white sub- 
limate of 3ls and a black mirror of As or Sb. On Ch., it gives off white 
vapors of Xs and Sb and is then reduced to a magnetic cinder. Decom- 
posed by 'S and gives a green t olution with separation of sulphur. 

It is sometimes found in reticulated masses, which are frequently full of 
hollows. It is sometimes in masses of irregular structure, which resem- 
bles Arsenopyrite, from which it is distinguished by its density as well us 
by its fracture, which is irregular, while that of Arsenopyrite is lamellar^ 
A chemical test, however, is always safest. 

AiiuabergHe. ^i' Ss-f-8 ^. Monoclinio. 

Syn. — Nickel Ochre, Nickeloker, Nickel arseniat^. 

It is isomorphous with Erythrite. It is an accidental product and is- 
found on other minerals of nickel, as a greenish efflorescence, with at 
color which is more or less intense. The pale varieties are usually mixed 
with.free is. When they are treated with boiling water, the intense- 

S'een color of the mineral becomes evident Streak, greenish-white; 
omposition, Si 37.2, Is 88.6, fl 24.2. 

JPyr. Ac, B. P. In a closed tube gives off water. Fuses easily 
and gives a metallic globule, which gives the reactions for Ni. It is soluble 
in acids. 

It might be confounded with some of the ores of copper, but i» 
distinguished by its chemical characters. This is soluble in acids with th» 
charactoristic colors of Ni. It has been found at Chatham, Ct. 

Zaratlte. JTi 0+2 tTi ]9[+4 £[. 
Syn. — Texasite, Emerald Nickel, Nickelsmaragd. 

It is found as a crust, which is sometimes mamelonated. It has a vitre*- 
ous lustre. Transparent to translucent. Color, emerald-green. Streak,. 
paler than color. H.=3-3.25. 0.=2.57-2.G93. Composition, Ni 59.4, 
11.7, fl 28.9. 

PjHP* Ac. B« P. In a closed tube yields S and C; infusible, gives- 
the reactions for nickel. Soluble with effervescence in dilute HCl, whena 
heated. It is quite rare, except at Texa5?, Pa., where it is found in Ser 
pontine, associated with Magnesite and Dolomite. 

ZIKC. 

Zincite. 2n. Hexagonal. 

Syn. — Red Zinc Ore, Rothzinkerz, Zinc oxyd^. 

It is the same oxide which is produced in the laboratories and ii> 
metallurgical operations. It is red, however, owing to the presence of a 
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certain proportion of the oxide of manganese, which is alwaj's mixed 
with it, probably as Mn. It is always found as crystalline masses, having 
oleavages parallel to the hexagonal prism, and another very easy one, 
parallel to the base, so that the masses are always lamellar, cracked and 
striated. In the fracture it has a bright, almost adamantine, lustre, and is 
translucent on the edges. Its color is characteristic, it is a dark orange- 
Ted, somewhat brown. Streak, orange-yellow. Bl.= 4-4.5. 0,=5.43- 
5.7. Composition, Zn 80.26, 19.74. 

Pyr. Ac. B. P. Heated in a closed tube blackens, but resumes 
its color on cooling. Infusible. In the R. F., gives metaHic zinc, which 
volatilizes, oxidizes, and forms a white ring. Gives a green color with 
nitrate of cobalt Shows the reactions for manganese. Soluble in acids. 

It resembles somewhat red Stilbite, but is distinguished by its infusibility 
.and its associations. It is used as an ore of zinc. It is found in masses 
in limestone at FrankUn, N. J. It is also found associated with Frankli- 
nite at the same place. 

SptaaleiiCe. Zn S. Isombtrio. 

Syn. — Blende, Black Jack, Zinkblende, Zinc sulfur^. 

It is found crystallized, lamellar, compact and concretionary. The 
<5rystals are usually disseminated in a gangue, or united to form large 
■crystalline masses which are always more or less lamellar. The crystals 
-show the hemi-tetragonal trisoctahedron, or the tetrahedron and cube ; 
it is usually found as a rhombic dodecahedron. The simple forms of 
Sphalerite are relatively rare. They are usually composite forms resulting 
from complicated laws of derivation, and, what renders them even more 
<3omplex, they are often macled and hemitrope. One of the most 
frequent of these results from the hemitropy of the combination of the 
rhombic dodecahedron, and the tetragonal tris-octahedron producing a 
figure of 24 faces, 12 of which are triangular belonging to the tetragonal 
trisoctahedron, and 12 tetragonal, Fl. XXV. Fig. 24. It shows the hemihe- 
<iry of incUned faces, giving generally tetrahedral forms. It has as easy 
•cleavage parallel to rhombic dodecahedron, and a difficult one parallel to 
the octahedron. Fracture, conchoidal. Its lustre is very bright In the 
clear varieties it is sometimes adamantine, and in the dark varieties it is 
-almost metallic ; sometimes it is resinous. Its colors are very variable, it 
is rarely colorless, but is generally honey-yellow, bi'own, black, red and 
green. When pure it is. generally white or yellow. The variation in the 
oolor corresponds to a want of homogeneity in composition. The yellow 
variety sometimes contain cadmium, and all contain a very variable propor- 
tion of iron. Whatever may be its color, its streak is white or reddish- 
brown. H. =3.5-4. G. =3.9-4.2. Composition, Zn 67.0, S 33.0. 
Pyr. Ac. B. P. Fusible with difficulty. In O. F. it gives off sulphurous 
vapors and often a cadmium coating. The roasting is long and difficult, and 
after it, in tlie R. F. it gives a coat of Zn which is yellow when hot, and 
white when cold. Soluble in HCl. With fi very little red vapor is given 
off, but much H S. 

It is also found in lamellar, imperfectly crystallized masses, which may 
have every variety of color. These masses are sometimes lamellar and 
sometimes saccharoidal. The dark varieties may sometimes resemble 
•Garnet, Vesuvianite and Cassiterite, but its density about 4, and the blow- 
pipe reactions distinguish it. When it is concretionary it is in spheroidal 
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masses radiated and with a fibrous fracture. These masses may be large ot 
small and show rings of color. The fracture, where the masses are small,, 
w usually compact. It might resemble in this state Barite, Celestite, 
Siderite or Apatite, but is easily distinguished by acids and the blowpipe. 
It is found also with an entirely compact fracture resulting from a par- 
tial decomposition of the saccharoidal variety. These gt^erally show some- 
scales, and their fracture and the blowpipe distinguishes them. Some of 
the dark varieties resemble Cassiterite, and certain kinds of Garnet^ but it 
is distinguished both by its cleavage and hardness. It is one of the- 
most abundant ores of zinc. It is found in many places in the U. S. 

FOBMULJB or THE 0RT8TALB. 

FLXKV. 



Fig. 16. 2"*""T' -^- 17- T* ^^- ^' ^^' OoOoo. 

00 02. Mg, 19. Two octahedra interpenetrating. Fig. 20. Twin. 

crystal ; composition-face 0. Fig, 21. oo 0, showing the twin plane.. 

r^ 303 

-^tg, 22. Hemitrope from the preceding. Fig. 23. ooO. 0. — « — 

303 
Qo 00. Fig. 24. oo 0. — o" ; a characteristic form. Fig. 25. 

^Qemitrope from the preceding. Fig. 26. oo 0, shortened in the direc- 
ti-ion of the diagonal of the faces. Fig. 27. The same, lengthened. 

Ooslaiite. 2nS+71^. Orthorhombio. 
Stn. — White Vitriol, Zinc Vitriol, White Copperas, Zinc sulfate. 

Crystallizes as a right rhombic prism of 90" 42'. It has a cleavage 
'parallel to the macropinacoid. Lustre, vitreous. Transparent, translu- 
cent Color, white, reddish or bluish. Streak, white. 11=2-2.5. 0.= 
^.036. Composition, Zn 28.2, B 27.9, S 43.9. 

Pjrr. Ac. B* P. In a closed tube yields water. Gives the reac- 
tion for zinc and sulphur; easily soluble in water. 

It is found as an efQorescence, or as an accidental product of decomposi 
tion of Sphalerite in certain mines. 

Smittasonlte. 2n 0. Hbxagonal. 

Stn. — Dry-bone, Zinkspath, Kapnit. 

It is found in rhombohedra of 107° 40', with a very easy rhombohedrai 
cleavage, which gives it a lamellar structure. The crystals are sometimes 
the primitive rhombohedron and sometimes scalenohedra. In this last 
case, the crystals are usually very small and cover the amorphous variety. 
They are frequently covered with a coating which may be blackish or 
pure white. The rhombohedrai crystals are usually much longer and have 
curved faces and a vitreous lustre, which is sometimes resinous, or even ad- 
amantine. Its fracture is uneven. Color, white, green, yellow or brown. 
Streak, white. II.=5. O. =4-4.5. Composition, Zn 64.8, G 35.2. 

Pjrr. Ac. B. P. In a closed tube loses G. Infusible. On Ch., 
with soda gives vapors which are yellow while hot, white when cold. It 
is soluble in acids with eflfervescence. which however is slow ; the acid 
must be heated to produce it. 
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It is variously colored by foreign substances. In copper localities it is 
•green. The blonde varieties are usually colored with iron or mangi^ 
•nese. The stalactites, which are white, usually contain lime or magnesia. 
The concretionary masses have usually a stalactitic structure, occurring in 
little mamelons, sometimes covered with the points of crystals. Their 
lustre is generally feeble, but is sometimes vitreous. The fracture of 
these masses is sometimes lamellar or scaly, very rarely fibrous. They are 
-sometimes compact and have the appearance of calcareous concretions. 
It is found amorphous and earthy, having the appearance of a coarse lime- 
stone, but its density and the blowpipe distinguish it It is also found as a 
white arborescent, compact mass. It often resembles Siderite and the com- 
pounds of baryta and strontia, but is distinguished by the blowpipe. It is 
also distinguished from Sphalerite, WiUemite and Calamine by its action 
with acids. It is much harder than any of the carbonates, with which it 
might be confounded by its form and color. 

It is found in large quantities in Missouri, Iowa, Wisconsin and Tennes- 
see. 

Hydrozlnclte. 2n 0+2 2n S:. 

Syn. — Zinc Bloom, Earthy Calamine, Zinkbluthe, Zinconise, Marionite. 

It is never crystallized. It is white and has a dull, earthy lustre. 
■Sometimes when it has just been taken from the mine, it is tran.»<lucent, 
but it quickly becomes opaque. It usually forms a series of white coat- 
ings, with vacant spaces between each bed, which is irregular and bent. 
It is sometimes found in balls, having the same disposition in concentric 
layers. Its streak is shining. II.=2 — 2.5. 0.=3.58-3.8. Composi- 
tion, 2n 75.3, C 13.6. H 11. 1. 

Pjrr, Ac» B. P. Heated in a tube, it gives off water and becomes 
yellow, but turns white again on cooling. It is reduced with soda on 
charcoal, the zinc is volatilized, burned and deposited as oxide. Acids 
dissolve it easily with effervescence. 

This mineral was formerly considered as an accidental product in other 
ores of zinc. Within a few years, however, it has been found in very 
large masses in Spain, and is a real mineral of zinc. It has been found 
in Pennsylvania, Wisconsin and Arkansas. 

TIW. 

Casjiiterite. Sn. Tetragonal. 

Syn. — Tin Stone, Stream Tin, Zinnstein, Zinnerz, fitain oxidd. 

Simple crystals are usually rare, but are found with the forms, PZ, XXVI. 
Fig. 1-5. G-enerally the crystals are macled around a plane parallel to 
the pyramid of the sectond order, P oo. This may take place on the 
prism or on the pyramid. These macles show re-entrant angles and 
are often called tin beaks (bees d'dtain.) Sometimes these macks occur 
several times, and give rise to geniculated crystals, Figs. 9-11. The 
])rivsrns are striated and cylindrical, while the faces of pyramids are 
timooth and polished. Each locality has forms peculiar to it, so that 
generally the crystals from the same place can be recognized by their form. 
Ciissiterite is isomorphous with Rutile. It is trimorphous. If Sn is pre- 
pared in the laboratory by the action of water on the chloride or fluoride 
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-4)f tin, different forms are obtained accordinji^ to the salt which is* used. 
Both of these forms differ from the Cassiterite of nature. It hag 
<sleavages which are very distinct, parallel to both prisms. The frac- 
ture is ordinarily unequal, sometimes conchoidal, rarely lamellar. Lustre, 
adamantine. Transparent, opaque. The colors of Cassiterite are very 
▼ariable. It is found exceptionally colorless and transparent, in a few 

• localities. Q-enerally its color is every gradation, intermediate between 
blonde and black, owing to mixtures with iron. Sometimes, it is red, 
gray, white or yellow. The color is usually not equally diffused in the 
mass or the crystal, but is generally in bands. Streak, white, grayish or 
brownish. H.=6-7. 0.=6.4-7.1. Composition, Sn 78.67, 21.23. 

Pjrr. Ac. B. P. Infusible. In R. F., it is reduced with difficultv, 

but soda faciUtates the reduction. With borax, it melts easily and the an 

becomes the base of an enamel. The glass is opaline and white, some- 

' times somewhat yellow when hot, on account of the presence of a little 

I iron. It is only slightly acted upon by acids. 

It is also found concretionary in zones of different colors, but it is easily 

• distinguished by its density, which is between 6 and 7 ; and its hardness 

• distinguishes it from Sphalerite and Barite, which it frequently resembles. 
It is found in rolled pebbles with different bands of colors, and is then 
•called Wood Tin. It is distinguished by its hardness and its density. It 
may become substituted by pseudomorphism for certain crystals, especially 
for those of Orthoclase, which are hemitrope and half interpenetrated 
And which are found in the Trachytes. It is, however, only a kind of 
moulding, the cause of which is unknown. The Feldspar appears first to 
become clay, and the clay to be replaced by tin, without any perceptible 
-change in the form of the crystal. It is recognized by its density, which 
.*lso distinguishes it from Vesuvianite, some varieties of Garnet and Tour- 
maline, which it frequently resembles in form, lustre and color. From 
Sphalerite, it is distinguished by its blowpipe reactions and its hardness. 
.It has been found in the U. S. at Lyme and Jackson, N. H. 

FORMULA OF THK CRYSTALS. 

Fl. XXVI. 

Fig, 1. 00 P. P; P sometimes predominates. Mg, 2. ooP. P. 
00 P 00 ; also pyramidal as in i^. 15. Mg. 3. The preceding, with 
Poo. Mg. 4. *ooP. 00 P|. 3Pf. P. Poo. Fig. 5. 3P|. P. 
00 P. Mg. 6. Mg. 1; showing the twin plane Poo. Mg. 7. Hemi- 
trope from the preceding. Fig. 8. The same, but with the plane in a 
diffeient position. Fig. 9. Hemitrope of Fig. 3. Fig. 10. Hemitrope 

•of Fig. 2. Fig. 11. Trilling, formed by the repetition of the hemitropy. 
Fig. 12. Twin of four individuals. Fig. 13. Hemitrope of a pyramidal 
crystal. Fig. 14. The same. Fig. 15. Hemitrope of a pyramidal crystal 

tlike Fig, 2, Fig 16. Hemitrope of nine individuals. 

Stannlte. 2 (€u, Fe, Zn,) S+Sn S*. 

Syn. — Tin Pyrites, Bell Metal Ore, Zinnkies, ^fitain sulfur^. 

The composition of this substance in not very well defined ; it appears 
to be a sulphostannide of iron and copper with a little zinc. It has been 
found very rarely with traces of crystallization and of cleavage. Its 
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hiBtre is noetallic. Fracture, unevea. Opaque. Its color is steel-gray 
iron-black or dark green, rather brownish from tarnish. Its streak \^ 
black. H.=4. G.=4.3 -4.522. Composition, Sn 27.2, Ou 29.3, Fc^ 
6.6, Zn 7.6, 8 29.6. 

Pjrr. Ac. B. P. Fuses, gives the reactions for Tin and Copper. 
It is a very rare mineral, and has no resemblance to any other, except- 
to the different Pyrites, from which it is distinguished by the action of 
nitric acid. 

TITANHJin. 

Rutlle. Ti. Tetragonal. 
Syn. — ^Nigrine, Ilmenorutile, Titane oxyde. 

Rutile is isomorphous with Cassiterite ; it is crystallized in the same 
system and has the same relation to its modifications, and the same cleav- 
ages. It generally has a lamellar appearance. The simple crystals are- 
sometimes pyramids, with plane faces and sometimes prisma which ar& 
striated and dull, also frequently tnacled. The crystals are like those of Cas- 
siterite, showing geniculated forms, which are frequently turned in two or 
three directions, Figs, 2-7. The color varies from reddish-yellow to brown^ 
always preserving a reddish tint ; sometimes bluish, violet or green. In 
thin plates by reflection it is brownish blood-red. Its fracture is conchoi- 
dal across the crystal, and lamellar parallel to it. Lustre, metallic, adaman- 
tine. Translucent, opaque. II.= 6-6.5. 0.=4. 18-4.25. Composition, 
Ti 61, 39. 

Pjr. &Co B. JP# It is infusible and gives with fluxes the reactions 
for Ti. With S.Ph., it dissolves, giving in the R. F. on cooling a glass- 
colorless when hot, and amethyst-violet when cold. It is not acted on by 
ordinary acids, but after fusion with alkaline carbonates, the acid solution 
boiled with tin foil gives a violet color. 

Besides its crystallized varieties, it is often found as a mass in a ganguo 
and then somewhat resembles Vesuvianite. When the density cannot 
be taken into account, the color, the nature of the gangue and, if need 
be, a chemical examination will distinguish it. It is found in bacillary 
and acicular crystals; these may be fine needles enveloped in a gangue, 
which is often perfectly clear crystallized Quartz, which proves that the 
Quartz was formed after the Rutile and with sufficient slowness not to- 
disarrange the general arrangement of the crystals. These acicular 
crystals are often very fine. Sometimes these crystals are reticulated on 
the surface of a gangue. In some localities, especially at Mt. Blanc in 
Dolomite, they affect a peculiar disposition. It is a kind of tissue of a 
yellowish changeable color made up of acicular crystals, which often show 
geniculations like the large crystals and are sometimes woven together. 

Under the name of Nigrine a black Rutile is described, which contain* 
14% of iron ; it is never crystallized, but shows traces of cleavage. Its 
streak is yellowish-brown. Its infusibility distinguishes it from Tourma- 
line, Vesuvianite and Pyroxene. From Cassiterite, by giving no metal; 
with soda. It is found in verj large crystals in Pennsylvania and Georgia. 

Titanic acid is found in nature in three different states and with three dif- 
ferent forms. It is therefore trimorphous. In one of these forms it is 
isomorphous with Cassiterite, which under certain circumstances appears 
jilso to Inf trimorphous. Titanic acid is always found in one of these 
forms; two of which, Rutile and Octahedrite, are tetragonal, but with 
different dimensions. The third, Brookite, is orthorhombic. 
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FORMULA OF THE ORYSTAL& 
PI XXVII 

^t. ooP. ooPoo. ooP3. P. Poo. P3. 3P|. Fig. 2. 
Hemitrope ; composition-face P oo. Combination, oc P. :>. P. 
Fig. 3, Hemitrope, with two geniculations. Fig. 4. Twin crystal 
Fig. 5. Twin, resembling an hexagonal prism and formed by the meet- 
ing of the extremities of the geniculated crystals. Fig. 6. Hemitrope ? 
composition-face P oo. Fig. 7. Hemitrope. 

Octahedrite. Ti. Tetragonal. 

Stn. — Anatase, Dauphinite, Oisanite. 

The forms and dimensions of the crystals are diflferent from those ot 
Rutile. It has an easy cleavage parallel to the base, and others more 
difficult, parallel to the pyramid. It is always crystallized. In crystals 
it shows two different typea From Dauphiny it is found in acute pyra- 
mids which sometimes show a base. These crystals are found on 
Dioryte, and are accompanied by Albite and Asbestus. From Brazil, 
however, the base predominates: the crystals are very much flattened, 
and show the pyramid and dipyramid. Its colors are very 
variable. In Brazil, in certain diamond sands, it is found almost colorles? 
or pale honey-yellow ; sometimes it is reddish-brown, but generally it is 
a characteristic dark brown, which is quite distinctive. It is greenish- 
yellow by transmitted light. In thin scales it is transparent. It is the 
most refringent of bodies, after the sulphate of mercury, so that its lustre 
is very bright. The lustre is often hidden in rolled crystals. Its frac- 
ture is lamellar or conchoidal across the crystals. Lustre, metallic or 
adamantine. Transparent, opaque. Streak, colorless. Its chemical 
characters are that of Rutile. Its density which is less, becomes the same 
as Rutile, on being heated. H.=4-5.5. G.=3.82-3.95, or 4.11-4.16 
after heating. Composition, Ti, 61, 39. 

PjT, Ac. B. P. Same as Rutile. It has been found at Smith- 
field, R. I. 

FORMULAE OF THE CRYSTALS. 
PI. XXV II. 

Fig. 8. p. Fig. 9. P. OP. Fig. 10. P. 4- P. Fig. 11. P. 
f^yPS. Fig. 12. P. iP. 2 Poo. i^V^r. 13. P. OP. Poo. ooPoo. 
Fig. 14. OP. P. Poo. 2 Poo. 

Brookite. Ti. Orthorhombio. 

Syn. — Arkansite. 

It is much rarer than Rutile. It is ordinarily found in thin plates, 
which are to be referred to the right rhombic prism of 99^* 50'. The 
crystals are complex. The faces of the macropinacoid are striated and 
dull, the others are smooth and lustrous. There is An indistinct cleavage 
parallel to the base and prism. Transparent, opaque. Lustre, metallic, 
adamantine. Color, brown, yellowish or reddish. Streak, colorless, gray- 
ish or yellowish. H.=5.5-6. O. =4. 12-4.23. Composition, Ti 61.0, 
39.0. 

Pyr. &C. B. P. Same as Rutile. The hardness is less than 
Rutile, as is also the density, which however becomes the same on heat- 

10 



146 luBOTURES ON MINERALOGT.' 

ing. It is found at Magnet Cove, Arkansas, and at Ellenville, Ulster 
Co., N. Y. 

FORMULA OF THE CRYSTALS. 

PI. xxvn. 

Fig. 15. 00 P. 00 Poo. f2; the usual form of Arkansite. Fig. 16. 
The same, with oo P oo predominating. Fig. 17. oo P. oo P oo» 
oofoo. ooP2. P. iP. 2P. f2. 2P2. iPoo. iPoo. 2Poo. 
OP; from the Urals. Fig. 18. oo P. ooPoo. oof oo. ooP2. P. 
iP. f2. 2f2. iPoo. iPoo. 2Poo. OP; from EUenville N Y. 

LEAD. 

Lead. Pb. Isometric. 
Syn. — Q-ediegeu Blei, Plomb natif. 

It has been found in several localities, but is however an accidental 
product, which is exceedingly rare. It has been found as globules in 
GiJenite, as filaments or sheets in lava or basalt, or formed by reducing 
agencies on either the sulphide, sulphate or carbonate of lead. When it 
is found on the outcrops, as in S. A., it is probably owing to fires having 
been kindled upon the vein. It is crystalline, and shows its system to be 
isometric. Its lustre is metallic. Color, lead-gray ; malleable and ductile. 
H.=1.5. 0.=11.445. 

Pjrr. &c. B. P. Fuses easily in the O. F., covering the Ch. with 
a yellow coating ; in the R. F. volatilizes. 

minium. Pb+2 th. 
Syn. — Mennig, Plomb oxidd rouge. 

In many localities oxides of lead are found as products of the decom- 
position of Galenite or Cerussite. It is always found as a pulverulent coat- 
ing, on the surface of other ores. Lustre, greasy or dull. Opaque. Color, 
very variable ; it is yellow when its composition is near Massicot and 
redder when it approaches Minium ; generally it is orange-yellow, which 
is more or less dark. Streak, orange-yellow. H.=2.3. G.=4.6. Com- 
postion, Pb 90.66, 9.34. • 

Pyr. &c. B. P. In the R. F. easily reduced to metallic lead. Its 
most distinguishing character is its color and association with the other 
wes of lead. 

Oalenlte. . Pb S. Isometric. 

Syn.— Galena, Bleiglanz, Bleischweif, Plomb sulfur^. 

It is by far the most important of the ores of lead, the other minerals 
being frequently nothing but the products of its alteration. It has a perfect 
cleavage in three directions at right angles to each dtller, all equally easy. 
It is usually found crystalline or crystallized; the crystals are often very 
large, the dominant forms being the cube, rhombic dodecahedron and octa- 
hedron. The general form is the cube and octahedron. The crystals are 
sometimes maeled and are usually the cube, macled by heniitropy around a 
normal to the face of the octahedron More frequently it is found as 
crystalline masses made up by the union of sever«il crystals. The hemi- 
tropy of the cube is frequently found in these masses and is recognised by 
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the cleavage, which shows two systems of cubes. It Sf)inetime8 has a 
peculiar look, which is owing to a slight inclination of two systems of 
crystals, showing a slight depression between the two. It is also found 
incomby masses, formed by a large number of little crystals. Its fracture is 
ordinarily lamellar or saccharoidal, passing sometimes to a granular texture. 
In some particular varieties it is entirely compact, with a smooth, condioi- 
•dal fracture, showing concentric zones Hke some specimens of Silex. It 
has a grayish-blue color. In its fresh fracture it has a metallic lustre, 
which is quite bright, but becomes dull on exposure. Streak, lead-gray. 
H.=2.5-2.75. 0.=7.25-7.77. Composition, Pb 86.6, S 13.4. 

Pyr. &c. B. P. In an open tube gives off S. On Ch., decrepitates, 
and then in 0. F. is roasted, giving off a sulphurous odor and lead fumes, 
which coat the coal at a short distance from the assay with a yellow ring. 
After being roasted, it gives metallic lead which is malleable. It is soluble 
in acids, giving off US. 

It usually occurs in lamellar or saccharoidal masses, in which way it 
occurs in nearly all the lead mines. It is usually found disseminated in 
Calcite, Quartz, Fluorile or Barite. The lamellae of these masses are 
usually small, sometimes plane, sometimes curved, and it can usually be 
seen that they are all arranged in the same general direction. Some- 
times these masses appear to be stratified. When the mineral is quite 
^compact its color is much bluer. It Ls frequently found pseudomorphic, 
replacing crystals of other substances. The most usual pseudomorph is 
after Pyromorphite. Galenite is the simple sulphide of lead, but is rarely 
■ever pure. It alloys itself by mixture with a certain proportion of sulphide 
of silver, which is isomorphous with it There is piobably no specimen 
of G-alenite, which does not contain some silver. In some ores the propor- 
tion is very slight, while in others it is sufficiently large to make it an 
ore of silver. It is possible to a certain extent, to judge from external 
characters whether the ore is rich in silver or not, but these characters 
are only true within certain limits, and, if reliance is placed on them ex- 
clusively, very grave errors will be committed. In every case, recourse 
must be had to an as'^ay for silver, in order to obtain a clear, or even 
approximate idea of the yield of an ore. The Galenites with large 
lamellae, and especially those which are well crystallized, are generally 
poor in silver. Those which show an arborescent structure are often 
argentiferous. Those with small lamellae, especially v/hen their faces are 
curved, and have a granular fracture, and which are nearly compact and of 
a dark blue color, are generally rich in silver. The ones which are 
•entirely compact, although they differ but Httle from those described, are 
rarely rich, but usually very poor. In the stratified Galenites, the glass 
usuaUy shows parts which are lamellar and bluish, having the aspect ot 
ordinary Galenite, but near to which there is a cement which is entirely 
<x>mpact and of a much whiter color. These parts are not Galenite, but 
a mineral which has about the same relation to lead, which Tetiahe<lrite 
bears to copper. It is composed pi-incipally of As, Sb, Pb, and other 
metals, and is always more or less argentiifious and is sometunes very 
rich. 

On account of its lamellar structure, Galenite might be sometimes 
mistaken for Stibnite, but is distinguished by being harder and less 
brittle, and by its cleavage in 3 directions, while Stibnite has only one ; 
the blowpipe also distinguishes it. - It sometimes resembles Tetrahedrite, 
l)ut is distinguished by ita cleavage and by the absence ot copper. At 
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first sight, Molybdenite resembles Galenite, but is much softer, and 
lamellar in one direction only. Its lamellae are flexible. Galenite is 
ihe most important ore of lead. It is sometimes used for glazing earthen- 
ware. It is found abundantly in the U. S., in Missouri, Illinois, Wisconsin, 
and also to some extent in N. Y. State, but the mines have not generally 
proved {)rofitable. It has been found in many other states, particularly 
in N. C. But little of the Galenite of the eastern part of the U. S. iff 
argentiferous. Some of the veins of the other states contain enoughs 
silver to pay for extraction. 

FORMULiB OF THE CRYSTALS. 

PZ. XXVIL 
Fig. 19. 00 00. ; the most usual form. Fig. 20. The same, 

with the faces equally developed PI, XXVIII. Fig 1. 00 oo. oo O. Fig^ 

2. 00 00. 00 0. 0. Fig. 3. The preceding, with the faces of the- 

octahedron larger ; a characteristic form. Fig. 4. oo 00. OC O. O, 

» f . Fig. 5. 00 00. 2 0. i^. 6. 0. oo oo. oo 0. 2 0; also 

characteristic. Fig. 7. Twin crystal ; composition- face 0, and flattened 

parallel to the same. 

Bournonite. 3 (Cu, Pb) S-f Sb* S^ Orthorhombic. 

SrN. — Wheel Ore, Radelerz, Schwarzspiessglaserz, Antimoine sulfur^ 

plumbo-cuprifere. 

The primitive form is a right rhombic prism of 93** 40'. It has an im- 
perfect cleavage parallel to the brachypinacoid. This is probably not a 
cleavage, but a separation of the different crystals. The simple crystals 
have two types, according as the dominant form is the prism or made up 
of the pinacoids, but such crystals of Bournonite are rare, as it is almost 
always found as macled crystals. Sometimes the made is formed of two- 
crystals only, but there are generally a large number of simple crystals- 
arranged in a perfectly characteristic manner, somewhat resembling a cog 
wheel or pinion. In Brazil it is found in large crystals which have no- 
lustre, but the surface of which is covered with points. It is also found 
in compact masses which appear to be parts of large crystals, that have- 
been prevented from being developed. These can be easily distinguished 
by their fracture and peculiar lustre. They are covered in some specimens- 
with blue or green spots, resulting from a superficial decomposition of the 
copper. It has a conchoidal fracture, which is usually smooth. Its lus- 
tre is metaUic, and is very bright on the natural faces when they are- 
smooth. Upon the fracture the lustre is somewhat resinous, without ceasing- 
to be metaUic ; this, with the nature of the fracture, characterizes the- 
mineral. Its color and streak are gray, varying from iron to steel-gray. 
It is very brittle. H.=2.5-3. 0.=5.7-5.9. Composition, Pb 42.4, 
Cu 12.9, Sb 25, S 19.7. 

Pjnr. Ac. B. P. In a closed tube, decrepitates and gives a dark 
red sublimate. On Ch., it is fusible and gives off Sb, which is condensed 
in a white ring. In the 0. F., there is formed a yellow ring of Pb, and 
beyond that the antimony coat appears. In the R. F., a globule of copper 
is obtained, which is brittle. There is usually an odor of arsenic. De- 
composed by nitric acid. 

It resembles Tetrahedrite, but can be distinguished from it by the 
presence of lead 
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FORMULA OP THE CRT8TAL8. 

PI XXVIIL 
mg, 8. OP. 00 Poo. P. foo. Fig. 9. OP. 00 P. bo Poo 
foo. Poo. Poo. Fig. 10. 00 Poo. OP. Poo. 00 Poo. 00 P; 

Xengthened in the direction of the brachy diagonal. Fig. 11. 00 Poo. 
^ooloo. OP. P. iP. ooP. 00P2. ooP2. Poo. iPoo. Poo. Fig. 
32. Twin crystal; composition-face 00 P. Fig 13. Wheel-shaped 
crystal, formed by repeated twinning. 

Angleslte. l^b S. Orthorhohbic. 

Syn. — Bleivitriol, Vitriolbleierz, Plomb sulfate. 

It is isomorphous with Barite and Celestite. The primitive form is a 

Tight rhombic prism of 103" 43', while that of the other minerals is 104" 

^^rnd 106'. It has a very easy cleavage parallel to the base, and two others 

-parallel to the faces of the prism. Its crystalline forms are nearly the 

^:same as those of Barite. It occurs also in a combination of the rhombic 

pyramid and the prism, in which the pyramid always predominates. 

It is also found macled. The fracture is lamellar or conchoidal. Lustre, 

adamantine, vitreous and resinous. Transparent, translucent, opaque. It 

-is generally white, but sometimes black on the surface, or tinged with 

yellow, green or blue. H. =2.75-3, 0.=6.12-6.39. Composition, Pb 

-73 6, 8 26.4. 

Pjrr* &C; B* P. Decrepitates and fuses in the flame of a candle. 
In the O. F., decrepitates and melts to a transparent bead, which becomes 
y>paque on cooling. In the R. R, intumesces and then gives the reactions 
for lead, a metallic globule and yellow ring. Concentrated If dissolves 
it completely. Soluble in 22,816 parts of water. 

It is also found in lamellar masses, which can be recognized by their 
density, which is about 6, and tbeir adamantine lustre ; also in earthy 
masses, which are often either concretionary, or made up of beds fitting 
into each other. Such masses must be distinguished by their blowpipe 
characters. Its exterior characters ally it with Cerussite, but it is easily 
distinguished by the action of acids. It can be distinguished from all other 
minerals by its reactions for Pb and S. It is found associated with Galen- 
ite. The most celebrated locality in the U. S.was formerly Phenixville, 
Pa. 

FORMULA OF THE CRYSTALS. 

PI xxvm. 

Fig. 14. 00 P 2. P 00. Fig. 15. 00 P 2. P 00. 00 P 00. Fig. 16. 
The preceding, with P and P oc. Fig. 17. P ; from Phenixville. Fig, 
18. P. 00 P. Fig.l^. 00 P. iPoo. Poo. P. P2. 00 Poo. 
a>P 00. 

Clausttaallte. Pb Se. Isometric. 

Syn. — Selenblei, Plomb s^leniur^. 

It is a selenium Galenite. Nothing in its external characteristics dis- 
tinguishes it from the latter, with which it is associated in a very small 
fi'imber of metallic deposits. It has the same cleavage and is found in 
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lamellar masses, which have either large lamellae, or are saccharoidal or 
even granular ; detached crystals have not yet been found. Cleavage, cubic. 
Fracture, granular or shining. Lustre, metallic. Opaque. Color lead* 
gray, distinctly bluish. Streak, darker than color. 0*=2.5-d. 0,=7.6- 
-8.8. Composition, Pb 72.4, Se 27.6. 

Pyr. Ac* B. P. In a closed tube, it decrepitates. In an open tube^ 
gives the odor of selenium. On Ch., fuses readily and gives a strong odor 
of selenium, coating the coal near the assay gray, with a reddish border 
(Se), and beyond this yellow (Pb). If pure, it is extremely volatile. 

The distinctive character is its blue color, which approaches to black ;. 
but this character is a very delicate one and is difficult to appreciate. In 
reality the external aspect cannot determine it and it is indispensable, 
when the presence of this mineral is suspected, to test it. This test is a 
simple treatment before the blowpipe, which in the presence of seleniunAi 
affords a strong and unpleasant odor. 

Pyromorphlte. 3 l^b' 1^+Pb CI. Hexagonal. 

Syn. — Phosphate of Lead, Grunbleierz, Plomb phosphate. 

Its usual form is the hexagonal prism, with traces of a cleavage parallel 
to the prism and pyramid. It is generally crystallized as an hexagonal 
prism, which may have a variable number of faces on the edge of the base. 
These crystals are often distorted by the rounding of their faces, or by 
having the base hollow as in the crystals from Phenixville, Pa. The gray 
or colorless varieties, which are nearly pure, are often found in large striated 
and rounded crystals. The yellow varieties, which contain Ss, are gener- 
ally quite regular. They are, however, somewhat rounded at times. The- 
green varieties are usually in small distinct crystals, but are sometimes- 
barrel-shaped. This rounding takes place on the vertical faces only and. 
does not affect the base. In the orange-red varieties, the rounding of the- 
vertical faces is even more distinct, so that the crystals are sometimes- 
almost spheroidal. This, with their color, aknost distinguishes them. 
The fracture is conchoidal and smooth. Lustre, resinous. Translucent^ 
opaque. The colors are very variable, green, yellow, brown or white, and 
are dependent upon the composition. The varieties which are nearly pure- 
phospnate of lead, are generally colorless or grayish, with a slight yellowish* 
tinge. When they have a color which is more or less green, it is usually 
owing to the presence of copper or chromium. The vaiieties which con- 
tain consiilerablo Xs are yellow. All of these varieties may occur together, 
80 that the color is intermediate between gray, green and yellow, and is 
wonjctiuH'H vory undecided. In some localities it is found with a dark 
orange-rt'd i'ok)r, which is probably owing to the presence of chromic oi. 
vunmlio lu.'id. Whatever may be the color, it has a peculiar lustre which 
iH nurtly ndaniantine. and partly resinous. Streak, white, sometimes- 
yellowMi. II, =3.6-4.5. G.=6.5-7.1. Composition, fb 74.1, P 16.7,. 
CI 2.0, Pb 7.(). P and Xs being isomorphous, small quantities of the 
latter arc ol'tcn found in the crystals. Some varieties contain also copper, 
viun'diuni and clnoniium, without its being possible to make a separate 
hpt'cics of tlicni. Lime occurs ali^o in small proportions. 

l*yr, &€•• B. P. In a closed tube gives a white sublimate of chlo- 
riilf ol U'ad and As if the latter is present. Fuses at 1.5. In the R F., 
it givos a globule of lead which is brittle ; in the 0. F., melts and gives a^ 
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globule, which in cooling assumes polyhedric forms. This a characteri^ic 
peculiarity. Soluble in acids with difficulty, but without residue. 

Besides these forms, it is often found in baoillary fibers which are often 
interlaced. These crystals are often dark and look very much like moss, 
this is especially true of the screen varieties. It is also found in mame- 
lonated masses with a velvety lustre, owing to the little crystals which i^- 
pear on the surface. It is also found in concretionary masses of differ- 
ent colors. These masses are characterized by their lustre, which is feeble 
but at the same time adamantine and resinous, the latter predominating. 
It is also found in amorphous masses, which sometimes appear to be inter- 
mediate between compact and concretionary. They are crystalline masses 
made up of large crystals, which have been prevented from being develop- 
ed. This is shown by the acicular crystals which are seen at a few points 
at the same time. These masses are very much like Anglesite and 
Oerussite, but their lustre is much less resinous, and their chemical characters 
are different, both with the action of acids and before the blowpipe. It 
sometimes occurs in red gummy-looking drops, when it contains vanadic 
acid. It is a valuble ore of lead. 

It was formerly found in great abundance in the Wheatley Mine, Pa., and 
in the Davidson Mine, N. 0. 

FORMULA OF THE CRTSTALS. 

PI XXVIII. 
%• 20. 00 p. P ; most usual form. i?%r. 21. OP. oo P. ooP2 

ZH^. 22. 00 P. OP. P. Fig. 23. ooP. OP. P. ooP2. 

llliuetlte. 3 l*b' is-hPb CI. Hexagonal. 
Syn. — Oampylite, Mimetine, Mimetisite, Plomb arseniat^. 

It is generally found crystallized as an hexagonal prism, with a number 
of pyramids. Cleavage imperfect, parallel to the pyramid. Lustre, resin- 
ous. Translucent, opaque. Color, pale yellow, orange-yellow, brown or 
white. Streak, white. II*=3.5. 0.= 7-7.25. Composition, f*b is 
90.60, Pb CI 9.84. 

PjTP. &C» B» P. In a closed tube, gives vapors of chloride of lead 
and of arsenic. Fuses at 1, and in the R. F. gives a globule of lead, the 
usual lead coating and often a white one of chloride of lead. Soluble in ft 

It resembles Pyroroorphite in form and association, and it is sometimes 
difficult to distinguish between the two species, especially when Pyromor- 
phite contains arsenic. It is often botryoidal and compact. It is a rare 
mineral and was formerly found at Phenixville, Pa., associated with Pyro- 
morphite. When found in large quantities, it is a valuable ore of lead. 

FORMULA OF THE CRYSTALS. 

PI XXVIII. 
Fig, 22. 00 P. P. P ; usual form. Fig. 24. oo P. P. 2 P. 

Pi XXIX. Fig, \. 00 P. OP. P. 2 P. Fig, 2. ooP. F Fig, 6. 

OOP. P. 2P. Fig. 4. P. OP. 
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Cerusslte. l^b 0. Orthorkombic. 

Btm. — Carbonate of Lead, Weissbleierz, Plomb carbonate, Plomb bltihche^ 

Ceruse. 

It is isomorphoiis with Witherite, Strontianite and Ai-agoiiite, i)rith 
Which it is sometimes associated. The angle of the prism is 117" 13'. 
There is a trace of cleavage parallel to the prism, which gives the mineral 
At times a lamellar appearance. The simple crystals have the same fotm 
as those of Aragonite. There is a form which is very much flattened, in 
the direction of the brachypinacoid, PZ. XXIX ^/^. 7. This form is pecu- 
liar to certain crystalline masses, made up of acicular crystals wbven 
together, gometimes parallel to each other, sometimes divergetit or leven 
interlaced without any apparent law. These masses are generally milk- 
white and without lustre, or with a silky lustre, the crystals thfeihselves 
being often made up of little capillary crystals. Besides these simple 
forms, there are macles, which are generally hemitropes around the 
face of the prism. If this made is repeated several times, it gives the 
star-shaped twin, Mg. 13, but it is sometimes much more complex. 
As the angle is almost 120°, the interior opening being very small and gene- 
rally full of massive Cerussite, there results a regular stat* with six branches. 
It is very brittle. Fracture, conchoidal. Lustre, adamantine. Transparent, 
translucent, opaque. Its colors are white, grayish-white and yellowish- 
white, blue or green. It is sometimes black on the surface, but this 
is superficial, being caused by sulphurous vapor, and does not interfere 
with the adamantine lustre. H, =3-3.5. 0.= 6.4 65-6.48. Composi- 
tion, Pb 83.5, G 16.5. 

Pjrr. Ac, B. P. In a closed tube decrepitates, and seems to pass 
into a state of dimorphism similar to that which takes place with Aragonite. 
After decrepitation, it becomes reduced in the R. F. to a metallic globule. 
Soluble with effervescence in dilute If. 

It is frequently found in saccharoidal masses, which are easily distin- 
guished by their adamantine lustre and their density, which is about 6. 
Amorphous and earthy masses are also found, which are only character- 
ized by their great density. They are colored differently, according to 
their association. It resembles Anglesite, but is distinguished by the action 
of acids. It is a valuable ore of lead. It was formerly found in large 
crystals at the Davidson Mine, N. C, and at Phenixville, Pa., and is 
jenerally found on the outcrops of veins. 

FORMULA OF THE CRYSTALS. 

FIXXIX. 
Fig. 5. P. 2 P 00 ; resembles an hexagonal pyramid. Fig. 6. P. 

Ob P 00. 2 P 00. 00 P ; the faces 2 P oo and oo P oo usually have horizon- 
tal striations. Fig. 7. 00 P 00. P. oo P. oo P 3 ; tabular crystal. FHg, 
8. 00 PCX). 4 Poo. 2 Poo. P. ooP. Fig. 9. Poo. ooPoo. P. 
ooP. 00P3. ooPoo. Fig. 10. ooP. ooPoo. OP. P. 2 Poo . 
3 Poo. 4 Poo. Fig. 11. ooPoo. iPoo. 2 Poo. 4 Poo. P. 00 P. 
00 Poo. 00 P 3. ^Poo. Fig. 12. Twin crystal, with the combination 
J P 00. 2 P 00. 00 Poo. P. 00 P : composition-face 00 P. Fig. 13. 
Trilling, with the combination 00 P 00. 00 P. P. iPoo. i^*^. 14. Twin 
crystal, with the form of Fig. 7. Fig. 15. Ilorizontal projection of % 
twin crystal. Fig. 16. Trilling, with the form of Fig. 7. 
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Croeolte. Ph Cr. Monoclikic. 
Syn. — Crocoisite, Rothbleiei-z, Plomb chromat^. 

It oiysta]Iize.s as an oblique rhombic prism of 93*" 42'. It has sevenu 
cleavages, one parallel to the prism distinct, the other parallel to the base 
4iQd clinopinacoid less so ; but these cleavages are difficult and as the sub- 
stance id very fragile it is not easy to determine them. It is always in 
more or less perfect crystals, which are generally attached to a gangue 
4ind form a crust upon it Its fracture is conchoidal. Lustre, adamantine, 
vitreous. Translucent. It is very brittle. Its color is dark red somewhat 
like that of Realgar, which, however, contains more yellow. Streak, 
orange-yellow. H.=2.5-3. G.=5.9-6.L Composition, l*b 68.9, Or 
-51.1. 

Pjrr. &c. B. P. In a closed tube decrepitates and blackens, but 
eecovers its color on cooling. Fuses at 1.5, spreads over the charcoal aud 
gives in the R. F. a metallic globule, a chrome scoria and lead fumes. It is 
easily dissolved in acids, and in HCl gives a green solution and crystallized 
T.eedles of chloride of lead. 

FORMULA OF THE CRYSTALS. 

PI XXTX. 

Hg. 17. 00 P. -P. P; both hemipyramids are equally developed. 

Fig. IS. 00 P. -P. Fig. 19. The preceding, with ocI*2. i^. 20. 
<X>P. 4 Poo; Beresowsk. i^. 2L ooP. -P. 4 Poo. i^. 22. ooP. 
<X)P2. ooPoo. -P. Poo. SPoo. 2P2. OP. Fig. 23. ooP. 
-P. Poo. 2P2. OP. 2l*oo. ?oo. i^oo. Fig,24. ool*2. 
-P. 5 Poo. 4Poo. 00 P. 

Stolzlte. ^b W. Tetragonal. 
Stn. — Tungstate of Lead, Scheelbleispath, Wolframbleierz, Scheehtine. 

It is isomorphous with Wulfenite and is found under the same conditions. 
Its crystals are never flattened, but show the pyramid distinctly. It 
has an imperfect cleavage parallel to the base. Lustre, resinous. Translu- 
cent, opaque. Color, brown, red, green or yellowish -gray. Streak, color- 
less. H.=2.75-3. G.=7.87-8.13. Composition, ^b 49, W 61. 

Pyr, Ac» If . P. It decrepitates and fuses at 2 to a crystalline bead. 
In the R. F. on Ch., it gives a metallic glol^ule. Affords the reactions for 
tuugstic acid and lead. Decomposed by If. giving a yellow residue of 
lungstic acid. 

It is ol* a much browner color than Scheelite, but generally the two 
species must be distinguished by trial. It has been found in this country 
.at Southhampton, Mass. 

FORMULA OF THE CRYSTALS. 

PL XXIX. 

Fig. 25. P. 00 P. Fig. 26. P. 2 P. oo P. P oo. 

lil^ulfenite. Ph flo. Tetragonal. 

Syn. — Molybdate of Lead, Gelbbleierz, Plomb molybdat^, Melinose. 

It has nil easy denvage y)arallel to the pyramid, and a less easy one 
•parallel to iIk^ base. Th»'Ciy stale are usually very short resembling square 
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tablets, and have faces ot a pyramid of the second order, which 
rarely carried to a point. They are usually set on their edge on a gangue^ 
the base having generally less lustre than the other faces. Sometimes the? 
crystals are thicker, opaque and without lustre. They have always about 
the same form, and rest on the gangue in the same way. Exceptionally 
it is found with a pyramidal form; they are usually small, and of &- 
dark orange color. This variety always contains chromic acid. Its frac-^ 
ture is subconclioidal and without lustre, even when the natural faces are 
brilliant. Its lustre on the natural faces is resinous or adamantine, some-- 
times prominent and sometimes feeble, as it is often covered with a yellow 
powder. Translucent, opaque. Its color is yellow, with different shades^, 
sometimes it is almost canary-yellow, sometimes orange-yellow, which w 
probably owing to the presence of a little chromic acid. When it con- 
tains tungstic acid it is brownish-yellow ; it is also gray or white. Strealr, . 
white. II.=2.75-3. G.=6.05-7.01. Composition, Pb 61.5, fio 38.5. 

Pjrr. Ac. B. P. It decrepitates and becomes dark-brownish yel- 
low, and fuses at 2. On Ch., melts, and gives a metallic globule andl 
scoria. Affords the reactions for lead and molybdic acid. Decomposed . 
on evaporation in HCL 

It is also found in crystalline masses, made up of lamellae which are in- 
terlaced ; these masses are cavernous, being made up of crystals which have 
left considerable spaces between them, thus diminishing the density of" 
the mass, which should be about 7. The masses become at times entirely 
compact, and show no traces of crystalline structure. It has been foundi 
in this country at Southampton, Mass., and at PhenixvUle, Pa. 

FORMULA OF THE ORTSTALS. 

PIXKX, 

Fig. 1. P. 00 P. OP. Fig, 2. ooP. OP. JP. Fig, 3. OP.. 
ooP2. iP. OOP. Flg.^. fPco. iP. i^. 5. OP. ooP. ooP2. 
Fig, ^, OP. P. iP. Fig. 7. Poo. fPoo. P. iP. Flg,^, OP.. 
J P. i Poo. Fig, 9, 00 P 00. OP. ^ P ; Phenixville. 



Vanadinlte. t^bs^-HPbCl. Hexagonal. 

Syn. — Plomb Brun, Braunbleierz» Yanadinspath, Yanadinbleispath, 

Plombo Pardo. 

It crystallizes as a simple hexagonal prism with pyramidal planes. Occa- 
sionally the prism of the second order is found. The prisms are stii- 
ated parallel to the prism. The crystals are usually small, not over one,, 
two or three millimetres, generally less. It is also found as globules attached 
to a gangue or as incrustations on a rock. Lustre, vitreous and brilliant. 
Color, deep orange red, reddish yellow, light brownish yellow, straw yel- 
low, reddish brown, streak white or yellowish. Crystals sub-translucent or 
opaque. Fracture uneven or slightly conchoidal. Brittle. H.-=2.75- 
3. O. 6.6623-7.23. Composition, Y 23.7, l>b 66.6, PCI 9.7. A part of 
the vanadnic acid is frequently replaced by phosphoric and arsenic acids. 

Pjr. &c^ B. P. In a closed tube decrepitates and gives a slight white 
sublimate. On Ch. fuses to a black shining mass. R.F. gives a metallic 
globule and a white coat of PbCl. After the lead is oxidized the black resi- 
due gives with salt of phosphorous in R. F. an emerald green bead and in 
O.F. a light yellow one. Fused with three parts of bi-sulphate of potash 
gives a clear yellow mass which becomes reddish on cooling and then be-^ 
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comes pomegranate yellow. Decomposed by HCl. If nitric acid is dropped 
on the crystals they become red from the separation of vanadic acid and then 
yellow from its solution. 

It is isomorphous with Mimetite and Pyromorphite. Crystals are some- 
times found which are evidently pseudomorphs often Pyromorphite as- 
they contain in their centre a part of this mineral still unaltered. This^ 
8X)ecies was formerly very rare. It was first discovered in Mexico. 
It has since been found in Scotland, in Ireland, in Carihthia and in the 
Urals in very small crystals or as incrustations. It has within a few years- 
been discovered in considerable quantities in the western part of the United. 
States. It occurs as perfect brilliant red crystals at the Hamburg, the Prin- 
cess and the Red Cloud Mines, Yuma County, Arizona. From the Hamburg 
mine the crystals are of a rich orange color and are scattered over a choco- 
late colored rock. At the Red Cloud Mine the crystals are grouped in con- 
fused masses and are associated with the red variety of Wulfenite. At the- 
Princess Mine the crystals are slender, brilliant, red, and are implanted upon 
Calcite and look like Crocoite. It also occurs in the Vulture District of Ari- 
zona ; also in the Castle Dome District, associated with Wulfenite, Cerusite, 
Galena and Fluor-spar. It occurs in the Black Prince Mine, Pioneer Dis- 
trict. Pinal County, Arizona, where some of the crystals are four to five 
millimeters long, and are often doubly terminated. The crystals are red at l.^. 

one end, pass through straw yellow to orange red at the other end, or they {P 

are in the same crystals arranged in layers of deep red and light red parallel {| 

to the basal pinacoid. Some of the crystals are cavernous at the ends like- f 

Pyromorphite. 



All the oxygenized compounds of lead appear to have been formed bv the- 
decomposition of Galenite in the upper part of the veins by the action of" 
meteoric waters. Most of these compounds are found above the lowest level 
of the drainage of the country, parts they contain sulphides only. Thus 
Stolzite and Wulfenite are found at Bleiberg in Carinthia on the outcrop of 
a vein of Galenite which is crossed by a vein containing Molybdenite and' 
Wolframite, It is usual to find in the upper part of veins contaning Galen-^ 
ite, Anglesite, Cerussite, Pyromorphite and Mimetite, and often Wulfenite 
and Vanadinite, which result from the action of meteoric influences. These- 
minerals with the exception of Vanadinite were found together in the lead 
mines near Phoenixville, Pa., a small specimen often containing all of them 
with Galenite, Chalcopyrite and Pyrite. The oxydizing influences form 
minerals insoluble in water from the lead, and those soluble in water from 
the copper and iron ores. The lead minerals thus remain permanently 
while the others are dissolved. Frequently traces of their crystals are- 
found in the form of cavernous quartz. As soon as the mines at Phoenix- 
ville reached the level of the drainage of the country these minerals disap- 
peared altogether. It is quite common to find in all the lead mines pseudo- 
morphs of all the oxydized minerals in the form of sulphides and vice versa. 
Some ot the mines in Europe furnish beautiful specimens of very large crys- 
tals of Pyromorphite which has been entirely transformed into Galenite. 

Bismuth. Bi. Hexagonal. 

Syn. — Gediegen Wismut, Bismuth natif. 

It crystallizes as a rliombohedron of 87° 40'. It is isomorphous with: 
Antimony, having the same cleavage parallel to the face of the rhombo- 



156 LECTURES ON MINERALOGY. 

^edron and the base, which gives it the appearance of havittg ft ItoieQftr 
fracture. Lustre, metaUic. Opaque. Color, silver-white, with a red- 
•dish tinge. It is subject to tarnish. Streak, same as color. Sectil^. 
When cold it is brittle, but slightly malleable when heated. tt.= 2-2.5. 
<jr.=9.727. Composition, when pure, Bi. 

Pyr. &c. B. P. It melts in the flame of a candle. On Ch., fuses 
4ind is entirely volatilized, leaving a yellow coating. It is not attacked 
by HCl. It is soluble in JS, from which it is precipitated by diluting the 
solution with water. 

It is sometimes found in large masses, but is usually disseminated iii a 
^angue. It has a definite position, all of the cleavages have the same 
direction, and most of the specimens look ahke. The direction of the 
lamellae can be seen on almost every specimen. It usually occurs in reticula- 
ted masses scattered through a gangue. It has a rosy tinge which mftkes St 
resemble Linnaeite and Cobaltite, but it is distinguished by its lamell&r 
fracture and by its being completely volatile. It has been found in smsdl 
quantities at Lane's mine, Connecticut, and in 8. Carolina. 

Bismuthinite. Bi' S'. Obthorhombic. 

Syn. — Bismuth Glance, Wismutglanz, Bismuthine, Bismuth sulfure, 

It crystallizes as a right rhombic prism of 91** 30'. The crystals are 
always acicular. It has easy cleavages parallel to the brachypinacoid and 
base, and a less easy one parallel to the macropinacoid. Lustre, metallic. 
Opaque. Color, lead-gray or tin-white, with a yellowish or iridescent 
(tarnish. Streak, same a> color. II.=2. 0.=6.4-7.2. Composition, 
Bi 81.25, S 18.75. 

Pyr, &c, B. P. In an open tube, gives sulphurous fumes and a 
4)ismuth sublimate. On Ch., fuses at 1 into drops, brown while hot and 
yellow on cooling, coating the charcoal. Dissolves in "S and gives a pre- 
icipitate on dilution. 

It is sometimes found massive, with a foliated or reticulated structure. 
It is also Ibund associated with Native Bismuth and sometimes in large 
masses like Stibnite, with which it is isomorphous, having the same easy 
oleavage parallel to the brachypinacoid. It has the same general charac- 
ters also, except that the crystals are usually much smaller. It was 
probably much less soluble in the solutions from which it crystallized than 
■Stibnite. Its color too is much darker, and it is sometimes variegated. 
It cannot generally be distinguished from Stibnite except by the blow- 
pipe or by dissolving it in If, which does not act on Stibnite. ■ It has been 
found in Haddam, Ct., and in N. Carolina. 

Aikinitc. 3 (6u, Pb) S+Bi^ S*. Orthorhombic. 

Syn. — Acicular Bismuth, Aciculite, Nadelerz, Bismuth sulfur^ plumbo- 

cuprifere. 

It crysiallizes as a right rhombic prism of 110". The crystals are 
tisiially long and acicular, which gave it the name of Needle Ore, and are 
generally imbedded in a gangue. Fracture, uneven. Lustre, metallic. 
Opaque. Color, lead-gray slisrhtly red. H,=2-2.5. 0.=6.1-6.8. 
Composition, Bi 30.2, Pb 36.1, Cu li, 8 16.7. 

Pyr, Ac. B. P. In an open tube, gives sulphurous fumes and a 
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pisrauth Eubliraate. On Ch., fuses and gives the bismuth and lead eoa. . 
ings. With fluxes, the reactions for copper. Decomposed by J5f. 

It has been found in the U. 8. in Korth Carolina and Georgia, and i+ 
often associated with Gold. 

Tetradymite. Bi« Te\ Hexagonal. 
Syn. — Telluric Bismuth, Tellurwismut, Bismuth tellurd. 

It is found in small crystals which are often tabular. They generally 
8bow faces of a rhombohedron of 81** 2' and frequently the base, and are 
usually macled. Cleavage easy, parallel to the base. Lustre, metallic and 
very bright. Color, pale steel-gray. The laminae are flexible and soil 
paper. H.= 1.5-2. O, =7.2-7.9. Composition variable, as it oftea 
contains sulphur and selenium; for the formula Bi' Te*, Bi 5L9, Te 41.1. 

Pjrr. dec, B. P. In an open tube, gives a white sublimate of 
tellurous acid. On Ch., fuses and gives a white sublimate. In the R. F., 
tinges the flame bluish-green. 

It has been found in the U. S. in the gold mines of Virginia, N. Caro* 
lina and Georgia. 

FORMULJI OF THE CRYSTALS. 

Fl XXX 

Fig. 10. Twin, consisting of four individuals: composition-face R r 
311. OR. 

ARSEIVIC. 

Arsenic. As. Hexagonal. 

Syn. — Gediegen Arsen, Arsenic natif. 

It crystallizes as a rhombehedron of 85** 41'. It has an imperfect 
clea\'age, parallel to the base. The crystals are rare and are very small 
rhonibohedra. The fracture is granular, and sometimes saccharoidal and 
even conchoidal. Lustre, almost metallic. On a fresh fracture, which is 
often very brilliant, it is steel-gray or tin-white. It afterwards tarnishes 
and becomes dark gray or black. Streak, same as color. II,=3.5. 
Cr.=5.93. Composition, when pure. As. 

Pyp. &c. B, P. Gives metallic arsenic in a closed, and As in an 
open tube. In the R. F., it volatiHzes without residue and without melting,, 
coloring the flame blue. It is not attacked by HCl, but is soluble in "S. 

It can often be easily detached in plates, with curved surfaces which 
tit into each other. The mamelons are generally large, and are covered 
with points of crystals It is also found in bacillary masses as little irreg* 
ular prisms, generally in a gangue of Quartz or Barite. It is also found 
as concretionary masses in little mamelons, which have been deposited oa 
the salient points of difi*erent minerals, often on Rhodochrosite. Thia 
mamelonated character distinguishes it from Nagyagite or Hauerite, with 
which it is often associated. It has been found in the U. S. at Haverhill! 
and Jackson, N. H., and at Greenwood, Me. 

Arsenolltc. As. Isometric. 

Syn. — Arsenous acid. Arsenige Siiure, Arsenikbliithe, Arsenit, Arsenic 

oxid^. 

It is found rarely in little octahedral crystals, or as silky tufts on the 
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«ides of a fissure. It is generally found as a white, earthy powder, asso- 
<;iated with Arsenic. It is probably dimorphous with Senarmontite. It is 
sometimes found botryoidal, stalactitic and earthy. Lustre, vitreous or 
silky. Transparent, opaque. Color, white, with a yellowish or reddish 
tinge, owing to impurities^ Streak, same as color. Taste, astringent. 
H.=1.5. 0.=3.698. Composition, As 75.76, 24.24. 

Pyr, dec, B. P. Sublimes in a closed tube. On Ch., is entirely 
•volatile, giving white fumes and a garlic odor. Slightly soluble in hot 
•water. 

It has no other characters, than its association and chemical reactions 

Realg^ar. As S. MoNOCLixro. 
Stn. — Rothe Arsenblende, Roth Rauschgelb, Arsenic sulfur^ rouge. 

It crystallizes as an inclined rhombic prism of 74* 26'. It is always crys- 
tallized or crystalline. The crystals usually have a very large number of 
faces, but the primitive form is comparatively rare. The usual faces are 
fihown in PZ. XXX. i^i^». 11-14. It has an easy cleavage, parallel to the 
base and clinopinacoid, and a less easy one parallel to the orthopinacoid. 
It fracture is smooth and conchoidal, with a resinous lustre. The lustre is 
'bright on the natural faces which have not been altered. Transparent, 
translucent, opaque. The color is a characteristic red. When it has been 
-exposed to the hght for a long time, it becomes orange-yellow. Streak, 
red when not decomposed, but generally orange-yellow. H.= 1.5-2. 
0.=3.4-3.6. Composition, As 70.1, S 29.9. 

Pyr, dec. . B. P. In a closed tube, it fuses and volatilizes without 
•decomposition. The vapor is condensed in an orange-colored subUraate, 
which is also fusible and volatile. In an open tube, it burns with an odor 
•of sulphur and arsenic. It is soluble in caustic alkalies. 

In collections it must be kept from the light and as much as possible 
from the air, otherwise it becomes decomposed and falls to powder. 
Realgar can usually be distinguished by its color, streak and hardness, and 
its association with Native Arsenic, and if necessary by its chemical 
•characters. The only substances which resemble it are Orocoite and Cin- 
nabar. The color of the streak of Crocoite is yellow and its association 
is different. The blowpipe characters, streak, and chemical reactions dis- 
tinguish it from Cinnabar. 

FORMULA or THE CRYSTALS. 

PL XXX. 

Fig. 11. 00 P. 00 P 2. OP. Poo, Fig, 12. The preceding, with 

P and coPoo. Fig. 13. coP. coP2. coP4. coPco. ooP2. 

00 Poo. P. OP. iPoo. Poo. 2 Poo. Poo. 2 Poo. P2. 2P2. 

4P2. Fig. 14. ooP. OP. iP. ooP2. ooPoo. ooPoo. Poo. 
2 Poo. 

Orpiinent. As' S*. Orthorhombic. 

Syn. — Auripigment, Gelbe Arsenblende, Rauschgelb, Operment, Arsenic 

sulfur^ jaune. 

It crystallizes as a right rhombic prism of 100** 40'. The crystals usual- 
ly show the brachy dome, the rhombic prism, macro- and brachyprisms, 
macro- and brachypinacoids and a pyramid. It has a crystalline 
-Structure and a very easy cleavage parallel to the macropinacoid. On the 
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•<cleavage faces its lustre is pearly, somewhat silky, because the cleavage 
faces are frequently striated; elsewhere it is resinous. Translucent. Its 
-color is a decided lemon-yellow ; sometimes slightly orange colored, 
owing to a slight admixture of Realgar. Its streak is yellow and a 
little paler than the color. By cleavage, very thin lamellae can be detached, 
which are flexible but not elastic. H.= 1.5-2. 0.=3.48. Composi- ' 
tion, As 61, S 39. 

Pyr, dec, B. P. In a closed tube it fuses and volatilizes, giving a 
-dark yellow sublimate ; acts otherwise like Realgar. Dissolves in aqua 
vregia and caustic alkalies. 

It has been found at Edenville, N. Y., on Arsenopyrite. 

FORMULA. OF THE ORVSTALS. 

PI XXX. 
Fig. \b, OOP. ooP2. ooPoo. oof2. oofoo. foo. 2 P2. 

ANTimONY. 

Antimony. Sb. Hexagonal. 

SvN. — Gediegen Antimon, Antimoine natif. 

It crystallizes in rhombohedra of 87° 35', with easy cleavages parallel 
'to the base, so that in mass it is always lamellar, and the faces of the 
.lamellae are more or less large. Its lustre is bright and metallic when 
,pure. The varieties containing arsenic have a very brilliant lustre on the 

• iresh fracture, but this soon becomes gray and dark from a super- 
ficial oxidation, which is more easily effected on arsenic than antimony. 
"Color and streak, tin-white. Very brittle. H.=3.35. 0.=6.646-6 72. 

• Composition, when pure, Sb. It generally contains one or two per cent. 
<of impurity. 

Pyr. &c, B. P. On Ch., it is fusible and gives off vapors, which 
condense at some distance from the assay in a white ring. It is easy to 
distinguish this from arsenic, which is much more volatile. The white 

• coating in the R. F. tinges the flame bluish-green. 

It is generally found in lamellar masses, having almost a compact frac- 
ture. The varieties, which hiEive very large lamellae, are almost pure 
antimony. The others usually contain arsenic, the proportion of which 

• can be distinguijshed to a certain degree by the size of the lamellae. The 
proportion of arsenic is sometimes sufficiently large, to give the specimen 
the shelly character so common in Native Arsenic, the presence of which 

•is easily verified by the blowpipe. It is sometimes found in large masses 
which are somewhat coated with a yellow oxide. It has been found in 
the U. S. at Warren, N. J. 

Senarmontite. Sb. Isometbic. 

Syn. — Antimoine oxyd€ octa^drique. 

It crystallizes in regular octahedra, with a trace of octahedral cleavage. 
The fracture is almost lamellar, with a bright lustre which is always 
adamantine or resinous on the fresh fracture. It is generally semi-trans- 
parent or semi- translucent. When pure, it is colorless. Streak, white. 
0.=2-2.5. 0.=5.22-5.3. Composition, Sb 83.56, 16.44. 

PjT, dec. B. p. In a closed tube, fuses and partly sublimes. On 
-Ch., it becomes reduced in the R. F. and is volatilized, colormg the 
i.flame greenish-blue. It is soluble in HCl. 
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It is generally found in crystallized masses, with the crystals interlaced^ 
If the crystals are very smaU, it becomes granular. It is generally white- 
or without color, but sometimes grayish, when it has become mixed with 
clay. With the crystallized varieties are associated others that are- 
coinpact and earthy and which have almost a conchoidal fracture, m 
which no crystalline character can be seen. Sometimes it resembles clay.. 
It must then be determined by its density or blowpipe reactions. This 
mineral has only been found in Algeria, and is very rare in collections. 

FORMULA OF THE OBTSTALS. 
PI, XXX. 

I^. 16. ; characteristic form. 



Oxide of antimony is found crystallized in two systems, the isometric 
and the orthorhombic. It is therefore dimorphous. To the isometric- 
oxide the name Senarmontite has been given, and to the orthorhombic, 
Valentinite. A third oxide has been found, but not crystallized, so that. 
it is possible that it may be trimorphous. 

Valentinite. Sb. Orthorhombic. 

Syn. — Weiss-Spiessglaserz, Antimonbliithe, Antimoine oxyd^. 

It crystallizes in a right rhombic prism of 136° 58', with an easy 
cleavage parallel to the prism. It is frequently found as little crystals on 
the surface of Stibnite. The usual form is a combination of the prism 
with the brachypinacoid and domes. Its fracture is lamellar in the direc- 
tion of the brachypinacoid, which has a pearly lustre. The other faces are 
eitlier adamantine, or dark and striated. Color, white, peach-red, gray or 
brown. Streak, white. H. =2.5-3. O. =5.566. Composition,' 8b- 
83.56, 16.44. 

P>'r. &e. B. P. In the R. F., it is reduced and gives the white sub- 
limate characteristic of antimony. Heated in a tube, it melts without, 
volatilizing, which distinguishes it from tellurium. It is soluble in HCI 

In Algeria it has been Ibund in large masses on the outcrop of veins of 
Stibnite. These masses are made up of spheres, formed by little acicular 
crystals, diverging from a centre and fastened together. They have a 
very bright lustre, which is at the same time silky and adamantine. The 
open spa(^es between the spheres are tilled up by a yellow pulverulent 
mass, which is an intermediate oxide. The density of this mass is almost 
5, which prevents it being confounded with other earthy minerals. In 
detached crystals it rei^enibles Stibnite or Gypsum, but it can be distm- 
guished by its chemical characters. The adamantine lustre and density 
make it resemble the compounds of lead, but there is no compound of 
lead, which is found in this state. The intermediate oxide which is asso- 
ciated with these masses, seems to be the result of decomposition of the- 
ores of antimony by the surfai^e waters, and is often found as crusts od> 
their surface. 

FORMULA OF THE CRYSTALS. 

PL XXX. 
Ilg 17. ocPoc. oc P. Poc. 2P2. 
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Stibnite. Sb' S'. Orthorhombic. 

Syn. — Gray Antimony, Antimonite, Grauspiessglaserz, Antimonglanz, 

Antimoine sulfur^. 

It crystallizes as a right rhombic prism of 90** 54', with a cleavage 
j)arallel to the brachypinacoid so easy, that the lamellae can frequently 
be detached with the nail. It is found in crystals, more or less perfect, 
which show the two general forms,P/. XXX, i^i{7«. 18 and 20. The second 
form, Fig. 20, is less common. These crystals are generally striated 
and cyhndrical. They are usually grouped together and divergent, or 
arranged in groups, which are sometimes several decimeters in length. 
The crystals are generally disengaged towards their extremity, so that the 
terminations can be seen. The fracture is generally sub-conchoidal. The 
cleavage faces are scratched with the nail, but the other faces are harder. 
The color is lead-gray, with a metallic lustre that is often very bright. 
It frequently becomes tarnished when exposed to the air, and is sometimes 
iridescent, and sometimes almost a dead black. Streak, same as color. 
The lamellae are flexible but not elastic, and make a dark streak on paper. 
H.=2. G.=4.516-4.612. Composition, Sb 71.8, S 28.2, 

Pyr. &c. B. P. It Js fusible without the aid of the blowpipe. 
In the 0. F. it becomes roasted, giving off sulphurous fumes. On Ch., in 
the R. F., it gives the antimony coat and colors the flame greenish-blue. 

The crystalline varieties are sometimes bacillary and divergent at the 
same time. Thev then show a fibrous and lamellar structure and are 

— 

often iridescent, which appears to be owing to a commencement of oxida- 
tion. The crystals are generally associated with an earthy or stony 
gangue, or with a mass of Stibnite, which is not well crystallized. The 
fracture of these ma.sses is always lamellar, but only in one direction, 
which distinguishes it from Galenite, which has three cleavages. With 
Stibnite other substances are associated which have the same general 
aspect, in capillary crystals grouped together and divergent, which, in 
some localities, become woven together like Native Antimony. They are 
minerals of antimony having a definite composition, generally sulpho- 
antimoniurets of lead. Before the blowpipe, these minerals give the re- 
actions for lead, as well as for antimony. There are also antimonio-sulph- 
urets of iron, which are found in amorphous and granular masses. 

In the U. S., Stibnite occurs in Maine, New Hampshire and Maryland. 
Argentiferous varieties have been found in Nevada. 

FORMULiE OF THE CRYSTALS. 
PI XXX. 

Fig. 18. 00 P. P. 00 f oo; the most usual form. Fig. 19. The pre- 
ceding, with 2P2. Fig. 20. ooP. iP. ooPoo. Fig. 2L 00 P 
ooPoo. P. iP. 2f2. |P2. ifoo. 

Kcrmesite. Bb4-2 Sb S'. Monoclinio. 

Syn. — Pyrostibite, Antimonblende, Rothspiessglaserz, Antimoine oxid^ 

sulfure. 

It crystallizes as an inclined rhombic prism. It is usually found as 
capillary crystals, having a basal cleavage. Lustre, adamantine or metal- 
lic. Translucent. Color, cherry-red. Streak, brownish-red. H.-— 1-1.5. 
G.=4.5-4.G. Composition, Sb 75.3, S 19.8, 4.9. 
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Pj'r. &c. B. P. In a closed tube, blackens, fuses and gives a 
white sublimate. If heated stronj'lv, a black or dark red sublimate is 
formed, otherwise it acts like Stibnite. 

Its formation appears to be owing to the decomposition of Stibnite, 
either by the vapor of water or damp air. It occurs in fine fibres which 
are usually capillary and divergent, or in silky tufls. Sometimes they lie 
flat upon the gangue and are irregularly woven together. Its principal 
character is its cherry-red color, which is rather brownish and perfectly dis- 
tinct from that of Erythrite. 

To Kermesite belongs a mineral called Silver Tinder. It has a variable 
composition and an argentine lustre. It is never crystallized and is quite 
light and occurs as a more or less earthy mass, associated with a gangue. 

lJR4NIlJ]fI. 

Uraninite. tJ & Isometric. 

Syn. — Pitchblende, Uranpecherz, Urane oxydul€. 

It has been found as an octahedron associated with a cube or rhombie 
dodecahedron, but usually it only shows traces of crystallization. Its 
fracture is unequal and sometimes conchoidal. Lustre, submetallic, greasy 
or dull. Opaque. Color, intense black, grayish, greenish or brownish. 
Streak, a hghter brown, grayish, olive-green a little shining. H.=5.5. 
0.=6.4-8 Composition, tJ 32.1, ^ 67.9. The degree of oxidation of 
the uranium appears to be variable, and is not very well determined. The 
mineral appears to be generally a mixture of several metallic oxides. 

PjT. &c, B. P. It is infusible. It coloi-s the flame green, which 
has a different shade from that of boracic acid or baryta. With fluxes, it 
gives a greenish -yellow bead in the 0. F., which becomes green in the R. F. 
It is not acted on by the non-oxidizing acids. Aqua regia and "St 
dissolve it to a yellow solution, from wliich ammonia precipitates the 
uranate of ammonia, which is flaky and yellowish. 

Its fracture and lustre make it resemble Triplite, but it is distinguished 
by its density, which is near 7, and which is its distinguishing feature. It 
is frequently covered with a pulverulent yellowish coating, which is uranic 
acid or some other intermediate oxide, or a subsulphate or phosphate of 
uranium. 

Autuiiite. ^'^ P-fCa fi4-7B:. Orthorhombic. 

Syn. — Lime-Uranite, Uranit, Kalkuranit. 

It crystallizes as a right rhombic prism, the angle of which is very near 
a right angle. It has a very easy cleavage parallel to the base, which 
gives it a very lamellar structure, both on its natural and cleavage faces. 
It is u.<nally found ns a crystalline incrustation, which has a fan-shaped ap- 
pearance, as they are formed of a large number of crystals placed together. 
It is ordinarily impossible to distinguish any form. Its lustre on 
the base is pearly, elsewhere almost adamantine. Translucent. It has an 
orange-yellow color, showing greenish reflections however, owing to 
traces of copi)er. Streak, yellowish. H.=2-2.5. G=3-05-3.19. 
Composition, B 62.7, Ca 0.1, P 15.7, H 15;5. 

Pyr. &e. B. P. Melts in the R. F. to a black globule, first swell- 
ing and losing its water. It is soluble in JN, giving a yellow solution. 

In the U. S., it is found at Acworth, N. H., and at Philadelphia, Pa. 

11 



LECTURES ON MINERALOGY. 163 

Torberuite. ^'' P+Cu tJ+T fl. Tetragonal. 

Stn. — Copper-Uranite, Kupferuranit, Chalcolith, Urangliramer, 

Urane oxide. 

Its general characters are the same as tliose of Antunite; it has the 
«arae easy cleavage, and is usually well crystallized. The crystals are 
often tabular and sonietimes show traces of pyramids. The crystals are 
sometimes made up of crystalline plates, piled the one on the other. The 
base has a pearly lustre and is pale green. The vertical fnces are vitreous 
and darker in color. They form coatings on the gangue, reposing usually 
on the base and are quite analagous to Mica, except in their color. Lustre, 
pearly on the base, elsewhere adamantine. Transparent, translucent. 
•Color, various shades of green. Streak, paler than color. Sectile. 11.=: 
2-2.5. 0.=3.4-3.6. Composition, ^ 61.29, Cu 8.44, P 15.57, fi 15.05. 

Pyr. &c. B. P. In a closed tube, yields water. Fuses at 2.5 to a 
blackish mass, coloring the flame green. Gives the reactions for uranium 
und copper 

FORMULA OF THE CRYSTALS. 

PI XXX. 

Fig, 22. P. P. Mg. 23. oo P. P. P. Fig. 24. P. P. 

00 Poo. Fig. 2b. P. OP. Poo. Fig. 2^. OP. fP. 2 P. Fig. 21. 
ooP. 00 Poo. 2 P. fP. OP. 

MOLI^BDENUII. 

Molybdite. Mo. Orthorhombic. 

Syn. — Molybdine, Molybdanoker. 

It crystallizes as a right rhombic prism of 136° 48'. It is isomorphous 
with Valentinite. It is found in capillary crystals tufted or radiated, or as 
A coating on Molybdenite, resulting from its decomposition. Lustre of 
4lie crystals, silky, of the incrustation, earthy. Color, straw-yellow. 
H.=l-2. 0.=4.49-4.5. Composition, Mo 65.71, 34.29. 

Pyr. dec. B. P. On Ch., fuses and coats the coal with yellow 
crystals near the assay, which are white on the outer edge of the coat- 
ing. The coating in the R. F., becomes blue, and then red after long 
heating. With borax in the R, it gives a bead, yellow while hot, and 
•colorless on cooling; in the R. F., the bead becomes black. 

It is found on New York Island, associated with Molybdenite, also in 
Pennsylvania and Georgia. 

Molybdenite. Mo S-. Monoclinic ? Hexagonal ? 

Syn. — Molybdanglanz, Wasserblei. 

It is found in tabular hexagonal prisms, with a cleavage parallel to the 
base. It is usually found in thin scales of a grayish-blue color, which are 
flexible but not elastic, and which soil the fingers with a bluish-gray stain. 
Lustre, metalHc. Opaque. Color, lead-gray. Streak, same as color. 
H.=l-1.5. 0.=4.44-4.8. Composition, Mo. 59, S 41. 

Pyr. dec. B. I*. On Ch., after heating some time it burns, giving 
off a sulphurous odor, and leaving a yellowish infusible residue, which 
is molybdic acid. Decomposed by ft. 

It resembles Graphite somewhat, but it is blue and acts differently. 
On glazed porcelain, it gives a greenish streak, while Graphite gives a 
tlack one. 
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COPPER. 

Copper. Gu. Isometrio. 

Syn. — Gediegen Kupfer, Ouivre natif. 

It crystallizes generally in cubes, octahedra, rhombic dodecahedra or tet- 
rahexahedra. It is frequently found regularly crystallized in large arbor- 
escent masses, ramified and dendritic, which are formed of cubes and^ 
octahedra more or less lengthened out and joined together. It is also 
found in thin sheets, which cover or penetrate different substances. Its 
fracture is hackly. Lustre, metallic Color, copper-red. Streak, metallic, 
shining; ductile and malleable. II.=2.5. G.=8.838. Composition^ 
copper with a Uttle silver, bismuth, etc. 

Pyr. &c. B. P. Fuses easily. Soluble in acids. 

Its density is less than that of melted copper, which is 8.921 when simply 
melted, but when hammered, it is 8.952. Its sonority is also different^ 
which would seem to show that it has been formed in the wet way, either 
by chemical or galvanic precipitation. What appears to corroborate thi& 
opinion is that it is often found moulded on crystals and other substances, 
taking pseudomorphic forms. Thus, Calcite and other minerals which would 
not have resisted the high temperature of the fusion of copper are often 
found coated with it. It almost always contains a certain proportion of 
silver, which cannot always be seen, but which appears to show a simulta- 
neous precipitation of the tw6 metals. 

It is always easy to recognize it by its metallic lustre and red color, 
which however is sometimes masked by superficial action, but it is easi- 
ly seen by breaking or scratching with a knife. It is also found in very 
large amorphous masses in Lake Superior. The largest ever found weighedt 
420 tons and contained 90^ of copper. 

FUKMUL^ OF THE CRYSTALS. 

PI XXXI. 

Mg. I. 00 2 ; a frequent form. Fig. 2. He mi trope of the preced- 
ing J composition face 0. Fig, 3. The same, flattened ; resembles aa 
hexagonal pyramid. 

Cuprite. ^u. Isometric. 

Syn. — Octahedral Copper Ore, Rothkupfererz, Ziegelerz, Cuivre oxiduM,, 

Ohalcotrichite, Kupferbliithe. 

Its crystals are generally the octahedron which is either simple or modi- 
fied, sometimes the rhombic dodecahedron, but rarely the cube. Some-^ 
times the cube is lengthened to capillary forms. It has an octahedral 
cleavage which makes it often look lamellar on its fracture. Its fracture 
is conchoidal or uneven, sometimes lamellar. On the natural faces its 
lustre is quite bright and is semi-adamantine or semi-metallic. In some^ 
varieties it is earthy. Its crystals are sometimes transparent or translu* 
cent in thin pieces. Its color is dark blood-red ; sometimes almost black. 
Its streak is dark cochineal-red. H. =3.5-4. Cr.=5. 85-6.15. Composi- 
tion, Cu 88.8, 11.2. 
Pyr. dec. B. P. In the O. F., it is fusible and i::ives a black 
scoria. In the R. R, it gives a button of metallic coppei', which i.s mallea- 
ble and ductile. Soluble in concentrated HCl and ^. 

It is often found as crystalline masses, made up of crystals disseminated 
ia a gangue or interlaced among themselves. These are generally smalt 
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4md indistinct, and give to the whole mass a ramified or sroriaceous look. 
At Ohessy, near Lyons, France, Cuprite was formerly found in large 
-crystals. They are transformed on their outside into Malachite, without 
having the regularity of their faces disturbed. This is sometimes super- 
"flcial, and sometimes only a little core of Cuprite is left, and in others the 
pseudomorphism is complete. The faces of some of the crystals are simply 
concave, while others are completely hollow. This is generally true 
of the octahedron, the edges of which, however, are very prominent, the 
faces being very much smiken. It also occurs in semi-lamellar masses of a 
lighter red than the crystals, having almost a granular or compact fracture. 
These masses have a density above 5, and are almost always accompanied 
by some stain of copper. It might be mistaken for Hematite or Magne- 
tite, but the streak and blowpipe characters are different. When found 
in capillary crystals, which are generally elongated cubes, it is called Chal- 
cotrichite. This is frequently associated with Limonite. It has a peculiar 
lustre, and its capillary condition and reactions with the blowpipe, make it 
-easy to distinguish. This variety is quite rare. 

When found in large quantities, it is a valuable ore of Copper. In the 
U, S. it has been found at Somerville, N. J., and Cornwall, Pa^ and 
Lake Superior. 

FORMULA OF THE CRYSTALS. 

PI XXXT. 

Mg. 4. ; the most frequent form. Fig, 5. oo ; also characteristic. 

Fig. 6. 00 0. 0. Fig. 7. Octahedron, with cavernous faces. Fig. 8. 
O. 2 02. oo0 2. 3 Of. 2 0. ooO. oo oo. 

Chalcocite. €u S. Orthorhombio. 

Sys. — ^Vitreous Copper, Copper Glance, Chalcosine, Kupferglanz, Cuivre 

sulfur^. 

It crystallizes as a right rhombic prism of 119° 35'. By fusion and de- 
cantation, it can be artificially obtained in octahedra. This dimorphism is 
only a question of temperature. The angle of the prism gives rise to 
limit forms. There is a trace of cleavage parallel to the prism. Crystals 
are not abundant, but they show appearances of limit prisms, which re- 
semble hexagonal types. The base of the prism shows slight striations, 
which are parallel to brachypinacoid. These striations serve to distinguish 
the simple crystals from those which are formed by the union of six crystals 
placed together upon the face of the prism. The base of such crystals 
shows radiated strisB. It has another pecuHar made, formed by four crys- 
tals joined in a cross " around the faces of the brachydome. Fracture, 
■conchoidal. Lustre, metallic. Color and streak, dark blue, almost black. 
It is ductile, and can be easily cut with a knife into curved shavings. 
H.=2.5 to 3. 0.=5.5 to 5.8. Composition, Cu 79.8, S 20.2. 

Pyr. dec, B. P. It melts in the flame of a candle, giving off 
sulphurous acid. Gives the reactions for copper. It is soluble in hot !R, 
•but is not acted upon by cold. 

Besides the crystallized varieties it is found in semi- lamellar, semi-com- 
pact masses, with almost a conchoidal fracture of a bluish color, which in 
-old fractures is very dark. It occurs sometimes in schistose masses. It 
Tias also been found in ramified or stalacti tic forms, which appear to be 
pseudomorphs after Native Copper. It is usually ductile, but has been 
found in masses which do not possess this property, although having the 
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On Oh., melts, giving off sulphurous acid, and yields a magnetic globule. 
Soluble in J5f. 

It often shows on amorphous masses a play of colore, which is owing to 
ii super6cial alteration. This undescence is sometimes found on the frac- 
ture when the fissures have been acted on by the same agency that affect- 
ed the surface. These colors are very bright, but are generally lighter 
than those of Bomite. The concretionary varieties are generally little 
mamelons separated from each otber, which are quite smooth on their 
surface and stalactitic in character. The amorphous masses, which are 
the most common, are recognized by the yellow color, which is often 
variegated, the unequal fi-acture and hardness. It does not strike fire with 
the steel, which character distinguishes it from Pyrite, with which it is 
often associated. 

It is a valuable ore of Oopper and is found in many localities in the U. S. 

FORMULiB OF THE CRYSTALS. 

PI XXXL 

p 

Fig, 16. P; the two sphenoids equally developed. Fig. 17. — . 

— ^. Fig, 18. P. P. 2 P 00. P 00. F\g, 19. The same, but with 

P P 

one sphenoid further developed than the other. Fig, 20. — • — _ 

2 2 * 

00 Poo, Fig, 2\. -Z. __-^. oo P. 2 Poo. Fig, 22. Hemi trope; 

u At 

composition-face P. Fig, 23. Hemitrope of Fig. 18. Fig. 24. Twin 
crystal ; composition-face P oo. Fig, 25. Twin crystal of the form Fig. 
17. Pi XXXII. ^^. I. Twin crystal, composition repeated four times. 
Fig, 2. Twin crystal ; Cornwall. Fig. 3. Twin crystal ; P. ^ P. 
P. I P. f P oo; composition-face P oo. 

Teniiantite. 4 (6u,Fe) S-hAs* S". Isometric 
Syn. — Arsenikalfahlerz, Kupferblende, Zincfalilerz. 

Its dominant form is tlie rhombic dodecahedron, with small faces of the 
tetrahedron, PL XXXII. Fig, 8. It has traces of dodecahedral cleavage. 
Fracture, uneven. Lustre, metallic. Color, blackish lead-gray to iron- 
black, and in old fractures, dull black. Streak, dark reddish-gray 
H.=3.5 to 4. G.=4.37 to 4.53. Composition, Cu 47.70, Fe 9.75. As 
1 2.46. S 30 1>5. 

Pyr. &o. B. P. In a closed tube, gives a sublimate of sulphide 
of j\rsenio. In an open tube, sulphurous fumes and arsenous acid. On 
Ch., fuses with intumescence to a magnetic globule. In the R. F. gives a 
brittle globule of copper. 

There are two compounds of copper, having very nearly the same 
composition, in one of which arsenic predominates, and in the other 
antimony. The former is called Tennantite, and the latter Tetrahedrite. 
These two varieties show different crystalline types, although they both 
crystallize in the isometric system and both show the hemihedry with in- 
clined faces. 
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tallic. Its color is reddish -brown or .a dark \iolet-blue, with a great variation 
in colors, owing to tarnish. Streak, blackish bronze-yellow and slightly 
shining. H.-»3. G.-=4.4-5.5. Composition, for (| 6u+J Fe) S, is Cu 
70.13, Fe7.76, S 22.11. 

Pyr, &c,j B. P. In a closed tube, gives a faint sublimate of sulphur. 
In the O. F. it is roasted with a sulphurous odor and gives in the R. F. a 
half -melted globule, which is attracted by the magnet. Soluble in JS . 

It is found mostly in the upper parts of veins and is generally the result 
of the alteration of other copper ores. It is frequently found associated 
with Malachite and Chalcopyrite and sometimes altered into Malachite, as at 
Bristol, Ct. On account of the peculiar color of its fresh fracture it is called 
by the miners "horse-flesh ore." When first broken the color is quite uni- 
form, but it rapidly tarnishes and becomes covered with a great variety of 
colors. These colors must not be confounded with those which sometimes 
occur on Chalcopyrite. They are quite easily distinguished after a verj' little 
practice. It is sumost always found compact. In some of the Cornish 
mines it is crystallized. At Bristol, Ct., it was formerly fonnd both as 
cubes and as cubes with the octahedron and rhombic-dodecahedron. It 
occurs massive in Massachusetts, New Jersey, Pennsylvania and elsewhere. 
It sometimes resembles Chalcosite but is easily distinguished from it by 
giving a magnetic button with the blow-pipe. 

FORMULA OP THE CRY8TALB. 
PI XXXI. 

Mg. 14. ooOx) . O. Fig. 15. ooO. 2 2. 

ChalcopyHte. €u S+Fe S+Fe S«. Tetragonal. 

Syn. — Copper Pyrites, Kupferkies, Pyrite cuivreuse, Cuivre pyriteux. 

The prism is very near the cube, the vertical axis being 0.98556 instead of 
one. Hence the very great analogies between its forms and those of the iso- 
metric system with which it is very closely isomorphous. It is found in 
crystals or in concretionary or amorphous masses which are entirely com- 
pact. The crystals are sometimes pyramids but more frequently sphenoids, 
which on occount of the small difference in the edges, resemble regular tetra- 
hedra. But of the three edges which join at the same solid angle, two only 
are of the same kind, so that the modifications that can be produced upon 
them are not in pairs of 3, but of 2 and 1, which shows it to be tetragonal. 
It is subject to a number of methods of twining which give rise also to forms 
apparently isometric, one of these is parallel to the faces of the pyramid in 
fourlings, Mg. i, PI. 32. The tetrahedra are sometimes interpenetrated, 
Mg. 25, PI. 31, or similar to Fig. 16, PI. 32. It is frequently hemitroped, 
Mgs. 22, 23, 2^, PI. 31; Fig. 3, PI. 32. It has a trace of cleavage par- 
allel to the vertical faces of the prism, but it is very indistinct parallel to 
the base. Fracture, conchoidal or uneven. It has a metallic lustre and a 
brass-yellow color, which is deeper than that of Pyrite. Streak, greenish- 
black a little shining. It is subject to tarnish and is often iridescent. It is 
completely opaque. H.=3.5-4 0.=4.1-4.3. Composition, Cu 34.6, Fe 
30.5, S 34.9. Traces of selenium have been found in some varieties. It has 
also been found in the furnace products resulting from its treatment, 
although it has not been found in the mineral. Thalium has also been 
found much more frequently in this mineral than in Pyrite. 

Pyr. &;c., B. P. In a closed tube, decrepitates and gives off S. 
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Pjrr. &c« B. P, la a closed tube, yields water and then 5. On- 
Ch., in the R. F., gives metallic copper. Soluble in water. 

It is frequently found in abandoned mines of copper as an accidental^ 
product resulting from the decomposition of Ohalcopyrite, produced by^ 
hot damp air. It has all the characters of the sulphate of copper of the- 
laboratories. 

It has been found in the copper mines of Tennessee and Georgia. 

FORSniLiB OF THE 0RT8TAL8. 

Pf. XXXIL 
Fig. 17. F. OOP'. oo'P. ooPoo. oof oo. oc'P2. 2f'2. 

Broehantite. 2 Cu* S+Oa £[+4 £[. Orthorhombio. 

Syn. — Krisuvigit, Warringtonite. 

It crystallizes as a right rhombic prism of 104° 30'. It is generally found.* 
in groups of acicular crystals. It has an easy cleavage parallel to the- 
brachypinacoid. Lustre, vitreous, pearly on the cleavage faces. Trans- 
parent, translucent. Color, emerald-green. Streak, paler than color. 
H.=3.5-4. 0.=3.78-3.87. Composition, Cu 69, B 19.9, S 11.1. 

Pyr. dee. B. P. In a closed tube yields water, and afterwards S» 
On Ch., in the R. F., gives metallic copper. 

It resembles Malachite in its exterior characters. It is found in little - 
crystals which can rarely be measured, as they are very generally capillary. 
It is also found in little mamelonated and fibrous masses. It is distin- 
guished from Malachite, by not effervescing. They are both soluble in 
ammonia, but Brochantite gives a precipitate with chloride of barium. 
It resembles Atacamite, but has a lighter color. The blue color so easily 
shown before the blowpipe with Atacamite, is less easily produced withi 
Brochantite. It has been found in Cornwall, Pa. 

FORMULfi OF THE CRT8TAL8. 

PI. xxxn. 

Fig. 18. oof 00. 00 P. Poo. Poo. 

Atacamite. CuClfi4-3Cud. OitrBORHOHBia 
Syn. — Salzkupfererz, Cuivre chlorur^. 

It crystallizes as a right rhombic prism of 112° 20'. Cleavage perfect,. 
parallel to the brachypinacoid. imperfect, parallel to the macropinacoid^ 
The crystals are quite small. The fracture may be unequal, concboidal or 
fibrous. Lustre, adamantine and vitreous. Color, dark emerald-green. 
It is much nearer oUve-green than Malachite. Streak, apple-green. 
H.=3-3.5. 0.=4-4.3. Composition, Cu 63.6, CuCl 30.2, H 16.2. 

Pyr. dec. B. P. In a closed tube gives off water. On Ch., fuses 
and gives an intensely blue color to the fiame, before it is reduced. All 
the salts of copper when heated with IICl show this character, but as the- 
chloride is much more volatile than the others, it shows it in a higher 
degree. It is soluble in acids, without efi'ervescence and without residue. 
Ammonia dissolves it, and coloi*s the solution blue. 

It is found sometimes in little crystal^ sometimes in little fibrous tufts 
covering a gangue. which is generally one of the oxides of iron. This 
coating is made up of crystals joined together, showing bands of different 
shades of green hke Malachite. These fibers are closer together than im 
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Malachite, so that the lustre is not silky. It is also found as very small 
crystals, lining cavities in certain lavas. It is also founrl as sand, which 
can be distinguished by its color. It results from the action of water on. 
large masses. It is found in this state, at Atacama, in Chili. When it is* 
found abundantly, as in Chili, it is a valuable ore of copper. 

FORMOLJC OP THS CHTSTALS. 

PIXXXIL 
Fig. 19. ocP. Poo. 00 Poo. 

Ubetlienlte. On* 1^+fi[. OBTHORHOMBia 

Svs. — Aph^rese. 

It crystallizes as a right rhombic prism of 92" 20'. Its usual forms are- 
a combination of the prism, rhombic pyramid and brachydome, giving 
the crystals a roof-shaped appearance; the faces are very often curv- 
ed. It has a very indistinct cleavage parallel to the macro- and brachy- 
pinacoids. Fracture, conchoidal or uneven. Lustre, resinous. Translu- 
cent, opaque. Color and streak, dark olive-green. il.=:4. O. =3. 6-3.8. 
Composition. Cu 66.5, P 29.7, fi[ 3.8. 

Pyr. AcG. B. P. In a closed tube, yields water and blackens.. 
Fuses and colors the flame green. On Ch., gives metallic copper. Solu- 
ble in S. 

It is often found globular, or mamelonated, associated with Quartz andi 
Chalcopyrite. 

FORMULA OF THE 0BT8TAL8. 
Fl XXXll. 

Fig. 20. OOP. f oo. P. 

Oiivenite. 6u*(28, 1^) +&. ORTHORHOMBia 

Syn. — Olive Copper Ore, Olivenerz. 

It crystallizes as a right rhombic prism of 92° 30'. Its crystals usually^ 
show a combination of the prism and the macro- and brachypinacoids andi 
domes. It has an easy cleavage parallel to the prLsm. Its fracture is con- 
choidal or uneven. Translucent, opaque. Color, different shades of green,, 
brown, yellow or grayish- white. Streak, olive-green or brown. Brittle.. 
H.=3. O. =4. 1-4.4. Composition, 6u 57.4, Is 35.7, P 3.7, tL 3.2. 

Pyr. &c. B. P. In a closed tube, gives off water. Fuses at 2, 
coloring the flame bluish-green and giving a crystalline mass on cooling.. 
On Ch., deflagrates and gives arsenical fumes. With soda in the R. F.^ 
gives a button of copper. Soluble in "S. 

It is often found in fibers of a very light green color, which are often, 
very much bent ; it is sometimes found lamellar or granular and rarely 
quite earthy, of a grayish color. It is usually found coating, or associated 
with Quartz. Some varieties reseral)le Libethenite, but they can general- 
ly be distmguished by the greater quantity of arsenic present and, when- 
crystallized, by the general absence of octahedra. Some of the fibrous- 
varieties resemble Atacamite, but are distinguished by the blowpipe. 

PI. XXXII. FORMULiB OF THE CRYSTALS. 

Mg, 21. 00 p. 00 Poo. ooPoo. Poo. Poo. 

LIroGonite. Ou' (Xs, P) 4- (i u'+i ^1) l'I'-+-9 fi. MoNooLiNia 

Syn — Linsenerz, Chalcophacit. 
It crystallizes as an incline I rhombic prism of 74** 21'. It generally 
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'Shows the piism and clinodome, giving the crystals a roof-shaped 
appearance. The crystals are generally quite suiaU. Its fracture is 
xjonchoidal or uneven. Lustre, vitreous. Translucent. Color and 
btreak, blue or green. H.=2-2.5. O, =2.882-2.985. Composition, Cu 
36.38, Is 23.05, P3.73. *1 10.85, tL 25.01. 

Pyp. Ac, B. P. In a closed tube gives off water, and turns olive- 
^reen. Cracks, but does not decrepitate, and fuses to a dark gray slag. 
•On Ch., cracks, deflagrates and gives the reaction for arsenic and copper. 
■Soluble in JS. 

It i3 usually associated with other ores of Copper. The blue varieties 
jresemble Chalcanthite, but can be distinguished by their insolubility. 

FORMULiR OF THE ORTSTALS. 

PI XXXIL 

Mg. 22. OOP. ? 00. 

Malachite. Cu' G-htL. Monoolinio. 
Syn. — Green Carbonate of Copper, Cuivre carbonate vert. 

It crystallizes as an inclined rhombic prism of 104' 28'. Crystals are 
generally very small and rare. They are not often suflftciently distinct to 
admit of being measured. It has as easy basal cleavage. It is found 
-crystallized in silky tufta, made up of crystals which are more or Icvss dis- 
tinct; these crystals are sometimes translucent, and are always intensely 
green. These silky tufts are often scattered over a gangue. It is often 
found as large crystals, which are pseudomorphs after Cuprite or Azurite. 
Its fracture is unequal, conchoidal, or fibrous in the concretionary varieties. 
Lustre of the crystals adamantine, of the fibrous varieties, silky ; sometimes 
dull or earthy. Translucent, opaque. Its color is green, and may be of 
different degrees of intensity. Streak, paler than color. H. =3.5-4. 
"O.=3.7-4.01. Composition, Ou 71.9, G 19.9, S 8.2. 

PjT. dec. B. p. In a closed tube blackens and gives off water. 
It melts at 2, coloring the flame green, and gives a scoriaceous mass. In the 
JR. F., a globule of metallic copper is easily produced. Soluble in acid 
-with effervescence. 

It is usually found in concretionary masses, which have a fibrous frac- 
ture, rarely conchoidal. Their lustre is silky and velvety. These masses 
present a variety of shades, which are owing to different causes, a change 
•in the direction of the fibers, a difference in the state of hydration of the 
mineral, or an admixture of other substances. This banded, silky and velvety 
appearance, causes Malachite to be much sought for, as an object of orna- 
n}ent. It is often found mixed with other minerals, which cause a change 
in the tint of the green. Some varieties resemble Chrysocolla, but are 
distinguished by effervescing with acids. It is a valuable ore of 

oopper, when found in large quantities. It is much used for articles of 
■ornament, and is often employed for veneering large articles, such as 
tables, doors, &c. A mass weighing 40 tons, was found in Siberia. It 
has been found in small quantities, in most of the copper mines of the 
U. S. In Cornwall, Pa., it is sometimes found in quite thick pieces of a 
iight green color, 

FORMULiG OF THE CRYSTALS. 

PI XXXII, 
Fig* 23. 00 P. oo P oo. OP ; twin crystal, composition-face oo P oo. 
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Azurite. 2 Cu C+Cu £[. Monoclinic. 
8tk- — Blue Malachite, Chessy Copper, Kupferlasur, Cuivre carbonate bleiu 

It crystallizes as an inclined rhombic prism of QO"* 32'. It has traces 
of cleavage parallel to the clinodome. The primitive form of the crystal 
is very rare, but complex crystals are otlen found. Detached crystals are 
not common ; they are usually scattered over a gangue or lining cavities. 
Its fracture is conchoidal. Lustre, vitreous, nearly adamantine. It is 
transparent, translucent or opaque. Its color is azure-blue, which is more 
or less dark. Streak, lighter than color. Brittle. H. =3.5-4.25. 0.= 
3.5-3.831. Composition, Cu 69.2, C 25.6. tL 5.2. 

Pyr, &c, B. P. Like Malacliite. In acids it is soluble virith effer- 
vescence, which is not immediate but requires heat. 

It is sometimes found as concretionary masses in mamelons, which are- 
sometimes so close together a^ to become joined. The little crystals which 
protrude from the .surface, then give it a velvety lustre. It has been found 
in little balls which are evidently the product of decomposition, since they 
contain some oxide in their interior. The massive pieces do not always have* 
a uniform color, but are found as concentric zones, made up of different 
shades of blue. They are also very frequently associated with other sub- 
stances such as sandstone, &c. It is also found earthy, when it has no other 
character than its blue color, which is lighter than ordinary, as it is frequent- 
ly mixed with clay, marl and sand. The crystalline varieties have a color^ 
which prevents their being mistaken for anything else. The earthy 
varieties often resemble Lapis-Lazuli or Vivianite. Before the blowpipe it 
can be immediately distinguished from the former. The lustre of the 
earthy varieties of Vivianite is quite different, but it can easily be distin* 
guished by the blowpipe or by acids. It has been reproduced artificially, 
with the same crystalline types, by submitting Cu CI, and an alkaline car- 
bonate to a high temperature, in a closed vessel for a long time. When 
found abundantly it is a valuable ore of copper. It has been found m 
many of the copper mines of the U. S. 

FORMULifl OF THE CRYSTALS. 

PI XXXII. 
Fig. 24. 00 P. OP. —P. i f» oo. Fig. 25. OP. oc P. oo P oo. 
—P. i P. i P 00. PL XXXIII. Fig 1 . OP. oo P oo. oo P. i P oo ; tabular 
crystal. Fig. 2. OP. iPoo. oo P. —P. iP oo. 

jhercury. 

mercury. Hg. Isometric. 
Syn. — Quicksilver, Gediegen Quecksilber, Mercure natif. 

When solidified it crystallizes in pyramids. Lustre, metallic. Opaque 
Color, tin-wliite. 0.= 13.568. Composition, pure mercury, sometimo 
with a little silver. 

Pjr. &c. B. P. On Ch., completely volatilized. Soluble in S. 

Mercury is found in some rocks, having all the properties of the ordinary 
metal. It is usually found in globules in cavities associated with Cinna- 
bar. These gloljules are sometimes strung together and are not very 
fluid, as the niurcuiy is not pure, but frequently contains silver. It some- 
times occurs not iissociated with Cinnabar. In California, geodes oi 
Quartz containing several pounds have been found. It is a very rare 
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PORMUL-K OF THE CRYSTALS. 
PI XXXIIL 

Fig. 6. 00 Poo. P. 

SILVER. 

Silver, Ag. Isometric. 

Syn. — Gediegen Silber, Argent natif. 

It u usually found in cubes and octahedra, alone or together, or some* 
times associated with the rhombic dodecahedron, and very often in tetra- 
hexahedra. Twins are quite common. The crystals are usually distorted. 
Arborescent forms are also found, which are made up of distorted octahe- 
dra, branching from a given direction. Lustre, metallic. Color and 
streak, silver-white, but liable to tarnish. Ductile, sectile. II,=2 5-3. 
<jr.= l0.1-ll.l. Composition when pure, silver, but it is usually associa- 
ted with gold or other metals. 

Pyr. &c, B. P. Native Silver has all the characteristics of Ag. 
On Ch., fuses easily to a metallic globule. In the 0. F., gives a brown 
•coating. Soluble in 1^ ; the addition of a drop of HCl, shows a precipitate 
of chloride of silver. 

The density of Native Silver is not generally equal to that of melted 
silver, but is somewhat less and sometimes it has no more ring than paste- 
board. These same characters are shown by silver precipitated by the 
galvanic battery, which has given rise to the opinion that this may have 
been the way in which it was formed. It is often found in filaments 
which are more or less white, and bent in every direction. These 
filaments, as well as the crystals, are ordinarily in a gangue of Calcite. 
Those which are seen disengaged in collections, have been separated by 
acids. The silver which is used in the arts is never pure. For coins in 
this country, it is alloyed with 10 ^ of Cu. Pure silver in the arts, is said 
to be 12 pennyweights fine. It is said to be 11, 10, 8 or 9 pennyweights 
fine, according to the quantity of alloy it contains. A mass of Native 
Silver from one of the Mexican mines, weighed 400 lbs., and at Freiberg, 
a mass weighing 1400 lbs. was found. It is found associated with a large 
number of minerals. In Lake Superior it occurs with Native Copper. 
It occurs in Idaho in large masses, associated with Cerargyrite. It is 
usually the result of the decomposition of other silver ores. 

FORMULA OF THE CRYSTALS. 

PL XXXllI. 
Fig. 7. ooOoo. Fig. 8. 3 03. F\g. 9. Hemitrope, composition- 
face 0. Fig, 10. Hemitrope of the cube. Fig. 11. The same, but 
upon the other face of the octahedron. Fig. 12. The hemitrope, Fig. 
10, flattened in the direction of the diagonal. 

Amalgam, Ag Hg^ Isomktric. 

Syn. — Silberamalgam, Amalgam natif. 

It is always crystallized as a rhombic dodecahedron, very highly modi- 
fied, but the faces are rarely distinct, as a sepnration of silver and mercury 
takes place after a certain time, so that the crystals become distorted and the 
edges rounded; sometimes it spreads out, and is imbibed by the rock. It 
shows traces of cleavage, parallel to the faces of the rhombic dodecahe- 
dron. Its fracture is conchoidal. Lustre, metallic. Opaque. Color and 
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fitreak, silver-white. Brittle; makes a creaking noise when cut with ». 
knife. H.=3-3.5. 0. = 13.7-14. Composition, Ag 34.8, Hg 65.2. 
There is no invariable formula for this mineral, but the Ag and Hg oscillate 
around the one given. These two metals become alloyed in different 
proportions, without losing the property of crystallizing. 

Pyr. Ac, B. P. On Ch., the Hg is driven off, and a globule of Ag 
remains. In a closed tube the Hg sublimes and leaves the Ag. A strip- 
of copper is whitened and an amalgam of Cu and Hg is formed. Soluble 
in^. 

It is found associated with Cerargyrite and Calomel. It resembles Native- 
Silver, and is almost always crystallized. It does not lose its color or 
become black as easily as the former. Still the blowpipe must be used to 
discover the presence of mercury, before it can be distinguished with 
certainty. 

FORMULA OF THE 0RTSTAL8. 

PI XXXHI. 
Mg, 13. 00 ; characteristic form. Fig, 14. oo 0. 0. Mg 15, 

ooOoo. 00 0. Fig, 16. 2 2. ooO. Fig, 17. ooO. ooOoo. 

202. oo03. 301 O. 

Argentite. Ag S. Isometric. 
Syn. — Vitreous Silver, Silver Glance, Glaserz, Silberglanz, Argent sulfur^. 

It is often found in cubes, octahedra, tetragonal trisoctahedra and hex- 
octahedra alone, but usually combined one with the other. The crystals 
are sometimes very distinct and are often grouped. It is also found in- 
wiry filaments. It has indications of a dodecahedral cleavage, which are 
not very distinct. Fracture, conchoidal or uneven. Lustre, metallic. 
Opaque. Color, deep iron-black with very little lustre on the natural faces. 
The lustre is however bright on the fracture. Streak, same as color and 
shining. It is ductile, receives and retains the mark of the hammer. It 
is flexible, but not elastic. When it is pure it can be cut with a knife, 
giving curved shavings. HI, =2-2.5. O, =7. 196-7.365. Composition^ 
Ag87.1, S 12.9. 

Pjr. &c, B. P. Melts in a flame without the aid of a blowpipe. 
In the 0. F., it is roasted. In the R. F., gives a metallic globule. Solu-^ 
ble in !&. 

It is also found as amorphous masses disseminated in gangues, which are 
usually limestone ; these masses have a variable, conchoidal fracture which 
is rarely lamellar. It often shows in the fracture that it is both ductile- 
and tenacious. Its soilness and the look of the fracture make it resemble 
Bournoniie, but this is more brittle, while Argentite can be cut with a. 
kniie. The blowpipe gives with this a globule of silver, with that a 
globule of copper and lead fumes. The specific gravity is much higher 
than any of the copper ores which it resembles. Its a very valuable ore 
of silver. It is mined as an ore in Nevada. 

FORMULA OF THE CRYSTALS. 

PI XXXIII. 
Fig. 18. 00 00. ; a very frequent form. Fig, 13. oc 0. Fig. 19. 
00 00. 2 2. Fig. 2U. 2 O 2. J^ig. 21. 2 02. oo O 00. O 
Fig 22. 2 2; lengthened vertically. 
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Proastite. 3 Ag S+As' S'. Hexagonal. 
Stn. — Ruby Silver Ore, Arsensilberblende, Argent rouge Jirseuicale. 

It crystallizes as a rhombohedron of 107^ 48' ; its usual tbi*ins are the 
hexagonal prism and riiombohedron, the scalenhedroii or liuxaf^oual prism, 
and hexagonal pyramid. The forms are abnost as imiuerous as those of 
Oalcite. The number of faces is so large, that the crystals usually have a 
rounded appearance. Fracture, conchoidal or uneven. Lustre, adamantine. 
Transparent, translucent ; highly refiingent Color and streak, cochineal- 
red. II.=2-2.5. 0.=5.42*2-5.5G. Composition, Ag ()5.4, S 19.4, 
As 15.2. 

Pyr. &c, B. P. In a closed tube decrepitates and fuses easily, 
giving a slight sublimate of sulphide of arsenic, in an open tube, gives 
sulphurous fumes and Xs. On Ch., gives the smell of sulphur and arsenic. 
After long treatment in the O. F., it gives in the R. F. a globule of silver. 
Soluble virith difficulty in the oxidizing acids. 

It is sometimes found in capillary masses, and often amorphous or crys- 
talline, associated with other ores of silver. There are two extreme 
types of Red Silver, having the same general formulae, and the same crys- 
talline form, except that in one the arsenic is replaced by antimony. 
There is every possible gradation between the two limits. The arsenical 
variety, or Proustite, is called Light Red Silver, and the antimonial, or 
Pyrargyrite, Dark Red Silver. It has been found in the U. S. in 
Nevada, Idaho and N. 0. 

Pyrargyrite. 3 Ag S+Sb'* S*. Hexagonal. 

Syn. — Ruby Silver Ore, Antimonsilberblende, Argent rouge antimoniale. 

Argent antimonie sulfur^. 

Its primitive form is a rhombohedron of 108"* 42'. It very frequently 
occurs as hexagonal prisms so highly modified as to appear rounded. 
Simple crystals are quite rare. It has an indistinct cleavage parallel to 
the rhombohedron. Fracture, conchoidal. Lustre, metaUic, adamantine. 
Translucent. Color, black, or very dark red. Streak, cochineal-red. 
H.=2-2.5. 0.=5.7-5.9. Composition, Ag 59.8, Sb 22.5, S 17.7. 

Pyr. A,c, B. P. In a closed tube, gives a red sublimate of sulph- 
ide of antimony. In an open tube, sulphurous fumes and a white sub- 
limate of antimony. On Oh., fuses and coats the coal. Heated for some 
time in the 0. F., in the R. F., a globule of silver is obtained. Decompos- 
ed by "S. 

It is sometimes found in capillary crystals or as amorphous masses as- 
sociated with other ores of silver. It resembles Proustite. The color of 
the two minerals is red, which is more or less bright. In Pyrargyrite it 
is so intense, that the mineral appears black and opaque. But there are 
almost always some thin points, where the color can be seen. Proustite 
is much lighter and is often transparent. When compact or capillary, it 
can easily be distinguished from Cinnabar, Cuprite and Hematite, by the 
streak and blowpipe reactions. 

It is a valuable ore of silver and has been found in considerable quanti- 
tioB in Nevada and Idaho. 
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FORMULA OF THE CRYSTALS. 

Pi. xxxin. 

Mg. 23. ooP2. R. Fig. 24. ooP2. -^R. 'y'' -^-25- 
R3. PZ. XXXIV. Fig,\, ooP2. -^- -JR. -2R. R3. iR3. 

fR3. -iR3. Fig. 2, ooP2. R3. iR3. -^r— ; hemitrope, com- 

position-face R. i^i^. 3. —JR. ooP2; twin consisting of four indi- 
viduals, composition-face -\ R. 

Steplianite. 5 Ag S-l-Sb* S'. Orthorhombio. 

Syn. — Brittle Silver Ore, Sprodglaserz, Melanglanz, Argent sulfur^ fragile. 

It crystallizes as a right rhombic prism of 115* 39'. Its forms are 
usually the prism and l)rachypinacoid. The prisms are always striated. 
It has an indistinct cleavage, parallel to the brachyprism and pinacoid. 
Fracture, conchoidal or uneven. It has a bright, metallic lustre. Trans- 
lucent on the edges. Color and streak, black. H.=2-2.5. 0«=6.269. 
Composition, Ag 68.5, S 16.2, Sb 15.3. 

Pyr, Ac. B. P. In a closed tube, decrepitates and fuses; in an 
open tube gives fumes of sulphur and antimony. On Ch., decrepitates 
and fuses, giving the rose-colored coating of silver and antimony. After 
lonK trcuitment in the O. F., in the R. F. a globule of silver is obtained. 

By its form, color, streak and lustre, it can easily be recognized. It is 
a valuable ore of silver and is mined in Nevada. 

formula of the crystals. 
/v. XXXIV. 

Fig 4. OP. P. 2 f 00 ; resembles a tr uncated hexagonal pyramid 

lf\g, 5. OP. 00 P. 00 Poo. Fig. 6. ooP. oofoo. P. 2foo. 

OP. i P. h\g. 7. The preceding, with oo P oo and 2 P. 

I'olybaMite. 9 (Ag, €u) S-l-(Sb, As)'' S". Orthorhombio. 

Syn. — Eugenglanz. 

It (M ysljillizfs as a right rhombic prism, the angle of which is very near 
120" Tlir (uystuU' are usually hexagonal in shape, and are frequently 
(|uitt< llai, showing but little of the prism. Fracture, uneven. Lustre, 
nuMnllir. Transluiunit in thin splinters. Opaque. Color, black, but in 
thin splinters hv trunsniitted light, cherry-red. Streak, black. H[.=2-3. 
€ri..-<i.-Jl I. (V.inposition, Ag 64.7, Cu 9.8, S 14.8, Sb 9.7. 

I*yr, \v, IS. P. In an open tube, fuses and gives the sublimates 
of sulphur and antitnony. On Ch., fuses, gives reactions for sulphur and 
antiinuuv. Witii Muxes, gives reaction forcopper. Decomposed by ff. 

C^uih' a numhcr of niiniTals are frequently described under this name; 
th(\v air all quiir anal(\<ifou.s to Red Silver in their external characters, 
Tluiv ail' nioi t' opacjue however, and their streak also has a brown color 
It has l)ti»'M lound in Nevada. 
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HeAAite. A'x T(.\ Isometuic. 

Syn. — Tellur silver, Savodniskitc, ''I'( Uuric silver, Tellur gold, Silver, 

Petzile. 

This mineral was formerly considered as orthorliond)ic and by one autho- 
rity is considered as triclinic. The probabilities, however, arc, from a care- 
ful examination of it which was made in 1S7N. that it is isonutrie. Tlie 
crystals are very small and confused, so that the determination of the faces 
has been very diihcult. It occurs eir.irely mjissive, compact or tine grained 
or coarsely gramdar. Some varieties have a glassy appearsnice. The 
cleavage is not distinct. Fracture even. Lustre metallic. Color between 
lead and steel gra}'. Sectile. The variety called Petzite has much of silver 
replaced by gold. It has a color between steel gray and iron black, some- 
times with an almost conchoidal fracture and an almost vitreous lustre. It 
has an iron black streak and is quite brittle. When carefully heated, this 
variety becomes covered with gold globules. The ordinary vafieti(;s become 
covered with silver globules. H 2-2.5. Gravity 8.8 8.6. Composition, 
Silver 62.8, Tellurium 87.2. 

Pyr, Ac, B, P, In an open tube gives a faint white sublimate of 
tellurous acid, which fuse's with the blow-pipe to colorless globules. On 
Ch fuses to a black glt)Tmle, which in R F shows white spots on its surface. 
With soda gives a globule of silver. 

The mineral was formerly very rare, having been found only in Hungary 
and the Ural Mountains. Since the discovery of tellurium ores in the West 
it has been found frequently in the various mines. It occurs at the Stanis- 
laus Mine, Calaveras County, and in the Golden Rule Mine, Tuolumne 
County, California ; at the Kearsage Mine, Dry Canon, Utah ; at the Red 
Cloud and other mines on Gold Hill, Colorado. Pieces a foot square are 
known to have been found in Europe, but in this country it is generally 
found only in small pieces. 

Cerargyrite. A.i; Cl. Nomki-kic. 

Syn.- -Horn Silver, Silberhornerz. Horusilber, Chlorsilber, Argent corn^, 

Argent chlorure! 

It crystallizes in cubes, octahedra, rhombic dodecahedra, or combina- 
tions of two or more of theoL Crystals are (|[uite rare. The largest 
known came from the Poorman's lode. Idaho. Fracture, conchoidal. 
Lustre, resinous. Transparent, translucent. Opaque. Color, white, gray, 
grayish-green, or colorless when perfectly pure. Streak, colorless and 
shining. Sectile, having about the consistency of horn ; when cut with a 
knife it gives curved shavings. !!•= 1-1.5. O. =5.3 1-5.43. Composi- 
tion, Ag 75.3,0124.7. 

Pjrr, &c. B. P. In a closed tube fuses without decomposition. 
Fuses in a Hame of a candle. On Ch., gives a globule of silver. Insol- 
uble m J^, but soluble in Ammonia. 

It is usually found as a coating, which is sometimes wax -like and some- 
times fibrous. It is subject to alteration when exposed to the light ; it 
then loses its color and becomes brown. It is mined as an ore of silver 
in South America. Extensive deposits have been found in Arizona and 
Nevada. 

FORMULA OF THE CRYSTALS. 

PI. XXXIV. 

Mg. 8. ooOoo. Fig. 9. 0. Fig. 10. ooO. i^. 11. ooOoo. 0. 
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l^vMiitrtUBL Ar Br. Isometric. 

- ^. '^ - ■r--::>-. >rr 3r"c:i:t.Bromargyrite, Bromure d'argent. 

. ••> « •...-:• -.rv *T a combination of the cube and 

...-.•■. ."~->iJ^ A>,- .^uite rare. Lustre, splendent 

. •-^--c^^-:. -e:: a darker green when altered 

4^ t^ -- . ->.>>:.;:. AcoT.l. Br 42.6. 

■•>»■. .Kv. I& I*. *-•,>*>; :-:t» aot> like Oerargyrite. On Ch., 

• .- T. "..?^^\;. :»^ I" ^. soluble with difficulty in am- 

• 

- -. ^ .'. \> ?*iii^ .vuore:;c~> or coatings. It occurs in S^ 

.. >>.v ^^»-.. »-.j. . 'Uitjf ,^res .^: Siiver, but it is a very rare mineral 

•ViStv:!.Ji OF TME CRTSTALS. 

limJteltle* AjT v^ CI Br ). laoMETRia 

^Xv. ''^ ■ -v.^...; ^ ^iV-er. Chjs>rbronisilber, Megabromit, Micro- 

r\.i.,i.:» N.'u!ocXN:wuure d' argent. 

»v.. ^.ccs J I* :>.<e ot.;iv and octahedron, but crystals aro 

^ . .^.•., •>^ic'.5^ '>:fca;:>i'-t.v;::. opaque. Color, various shades 
^ .,. . .... V • tuv'^* :ai\ uhioh becomes darker on exposure. 

14^ W - . ' >->i. A>ai^va::on. Ag 69.28, Br 14.30, 01 16.42; 

.... .(Of, :< o :\e >fO£u:iie may vary indefinitely. 

V>4% -Vi^. lik 1^ ^^-'^ ^'^^ C*?wrs!Trite, but gives the reaction for 

<«^x «v.c.vs fc.*;: OcT^u^vrtte and Bromyrite generally as a 

^^ .^ .fcc^>^.i.».v .'cs^ » -viuturufcTStnicture. 

,. \ -. nV* v ^^0;!C. O. Fiff. 12. 00 0. ooOocx 



v> ^ 



V^ L Hexagonal. 

n;>^^», \si$4JtSir. IsH^:. lodar^rit, lodure d'argent. 



•X 



. V. V >ii.**il «Hi r*iv. Cleavage perfect, parallel to the 
w .., . :iv\ ^^i'tvNi55^ tV*:*>U;oent. Color, sulphur-yellow, 
. V. Juv,v ^**xHi.!>j^ or brv^wiiish. Streak, yellow. In 
^ X .»»,- **•>.. ^v^>.^tv^ >a; ^:i masj^es it is brittle. H.= 1-1.5. 

Vv. , .^^ ^ 1^ -i ^ sU.^^>«^i tube, tiises and is orange-yellow 

V * .^.v \n \.vi v^it vw<h^c. Fuses in the flame of a can- 

^ ^ '•;, ^ V .i*^v«v ^ vNi^iKf *iNi * clv^bnle of silver. 

V \vi.«^H ^'>*^ * *^^w o^^ess lamellar structure. It has 
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GOLD. 

Oold. Au. Isometric. 
Stn. — Gediegen Gold, Or natif. 

It is found crystallized in cubes, octahedia, tetrahexahedra and rhombic 
dodecahedra. Sometimes faces of the tetragonal trisoctahedron and 
hexoctahedron may be observed. Tlie octahedron is sometimes hemitrope 
or hollow and the crystals are often rounded. Lustre, metallic. Color and 
streak, different shades of yellow. Ductile, malleable. H. =2.5-3. 
0,=15.16-19 34. Composition, when pure, Au, but generally it contains 
traces of other metals. 

Pyr, &c, B. P. Fuses easily, but gives no reactions with fluxes. 
Soluble in aqua regia. 

Native Gold has all the characters of ordinary gold ; it is sometimes of a 
light tint, because it is alloyed with silver or lead. It is found in wiry 
masses, made up of chains of octahedra or cubes joined together, resem- 
bling those of Native Silver. It is also found in thin sheets or dendrites 
on the surface of some rocks. The ordinary gangue of Gold is Quartz, 
but it is also found in slates and metallic sulphides. It is not combined 
with them, but is in the native state in little pellets. Thv sulphides are 
the gangue of the Gold as the Quartz sometimes i.s. The rocks wliioh con- 
tain Gold, have often become decompo.«ed and broken up, nnd th<» pro- 
ducts of this alteration have been washed out, thus forming the alluvial 
Auriferous sands. The scales in these sands are flattened, the size of the 
scales depending on the condition of the Gold in the vein. When these 
sands are treated for Gold by washing, the scales are easily separated, on 
account of their high density. The large rounded fragments found in rich 
sands are called nuggets. Some of these nuggets are of considerable siee. 
The following table gives the weights of a few of the principal one& 



Welcome Nugget, 


Weight. 
IIm. OS. 

184 8 


Miask, Urals 27 


Ballarat, Aastralia, 
valae, ^41,822 

Blanch Barkley Nugget, 
Miask, Urals 


146 
96 


a iQ 

Paraguay 60 
Cabarrus Co., N.C., 37 
California 27 


(( .i 


27 


17 



In the Eastern states Gold has been found principally in Virginia, 
N. and S. Carolina, and Georgia. 

FORMUL-fi OF THE CRYSTALS. 

FI. XXXIV 

Fig. 13. 0, with cavernous faces. Fig. 14. oo02. Fig. 15. 3 8. 
•0. i^'^. 16. cx)0. 0. 4 2. Fig. 17. 0. ooO; flattened paraUel 
to a face of the octahedron. 

Sylvanlte. (Au Ag) Te^. Monoclinic. 

Syn. — Weissgolderz, Aurum graphicum. Schrifterz, Graphic tellurium, 

Weiss tellur, MuUerine. 

It crystallizes mostly in flat plates or very small plate-like forms, which 
show hemi-ortho and clino domes with hemi-pyramids arranged together in 
such a way as to give the appearance of written characters. Hence the sy- 
nonyms Graphic tellurium, Schrift tellur Schrifterz, which apply to this pe- 
culiarity. The ortho pinacoid is generallj^ the most prominent face. It and 



•.\. 

•:. . "J shapo. The cry^^tals 

i-lx'iiiii: usually a. J* x . 

..* • '! <nn)])act. The clcavaLTe 

•■ fin'c is iMicvcn, llic lustre 

«.:!vrr ^vhil(■. Occasionally 

' ^ : :'. C'()iuj)()sili(in. Au *JS. ."), 

■ ■ >; sonic of tlu* tellurium. 

. U. to UK of lead. The 

■> I wliitc sr.lilimatc, "\vlii^'li Is 

• .*•( -i U) clear tran>;)arcnt 

_ . Fu-cs to a (lark ;iray 

:■ li. wlicii lrcatc<l in the 

A1"i<'r loll LT blow iiiir, 
■ :" :_iti(l and silver. ^lost 

- • • vil only in ITunirary. It 

.'■ ([;:antitics in Colorado 

"'i. tlic ti'calnicnt causin^r 

v niincraN. as very small 

■r eil"<'<-is than arsenic and 

:-.ier which country it was 

^ ":'. till' tellurium disii-icts of 

■■' M Hill district it lias l)ccu 

, ^••r, SniUL^irler and John Jay 

^- .. -... > mines, Calaveras County. 



■ •;-;.oiira. Fracture, hackly. 
N s.t^'-irrav. Streak, shining. 

- ll'.=4-4.r). €m. = 1G-19. 
. o<::.:!iin, and other metals. 

- ■ / :i actions "svith the lluxes. 

a- "l.:: ».'f Platinum wliich has 

■1 . '". :i: i-: Wfrkrd Pla:inum is 

>^;'. ::■.*»,« 1 wiri. other metals, 

.'">- ■. ::-.'' <i \N i'i. ii, >\\r]i as 

V" t ».»><:" r'.:i!i:.'.:n. l.avf 

^ . ; >w!.;*es Ir :< ii:s><-ini- 

>> ." r ."..'-M >. \\ :.;<-.. .-tir ::■ :<• ur 

1:. ll e ei'..« «.-* ii'U v( 

i.\''..tLe, ti.v'.e :.«> a ii.a.-s 

c >.>:'. r. ; 1 »". ll.c L:::^ i>h- 

"^ : "^ Ii :.>> > » K'.'e 1 '. :. ".Mit, 

\-- ' " i^\ >'. u ..:.'.. >« I. el'.nii'S 

-^ ■ '. ; V IV. '1 i.e «M .«■'.■ \ a: ies 

> ■.'■• !: "...•■V ::::<; v. :.::«• In 

« V v:- - ■ !. i>^ <ia: kev. Ik'- 

-^ v -v:. : "y :. •.:..; ::. sai.ds, 

v> \% . vi. ti:.*;tji.td ii. Tlu>e 
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eands contain not only Platinum and llie metals which accompany it, "but 
Mttgnetite, Hematite, Menaccanite and Chromite, and are more or less 
aurilcTOus, because Pyrite containing ^old is cften found in it. The mine- 
rals ibund with Platinum vary with liio locality. Tliey can be very 
nearly separated tic-rn it ly nKM-luinical preparation. Tbey are known by 
the I'ollowing cbatacti-is. Platiiiiini is lonnd in small iiregular grains, 
which aie more or less flattened and tin-white. I*alladium is in small 
grains more or less rounded, with a radiated tiacture, which can be easily 
seen. These grains look like silver. Q'hese two are soluble in aqua regia. 
while the others are not. Tiic residue lioni the acid ii> niade up of grains 
which are bent, and contain rhodium and iridium. In these grains some 
crystals can be distinguished, which have two parallel faces, with a regu- 
lar hexagonal contour and a grayish color. These are Iridosmme. 
Ruthenium was found in these grains of Iridosniine, in the proportion of 
about 2 ^. The ores of Platinum usually contain Pt. 90 ^, insoluble 
residue 10 J^, in which -J- ^ is Iridosmine, and 2 ^Ruthenium. Ail of 
these substances are infusible, except in the oxy hydrogen flame. 

IRIDIUm. 

Iridosmine. Ir, Os. Hexagonal. 
Stn. — Osmiridium, Newjanskit, Iridosmium, Sisserskit, Osmiure d'iridium. 

It is usually found in hexagonal tables, rarely as hexagonal prisms, witii 
the basal edges modified. Lustre, metallic. Opaque. Color tin-white 
or steel-gray. Malleable with difiiculty. H,=6-7. 0.= 19.3-21.12. 
Composition, Ir 43-70, Rd 0.63-12.3, Pt 0-2.8, Ru 0-8.49, Os 17.2-48.85. 

PjT, &e. B. P. At a very high temperature, gives off fumes of 
osmium. With nitre gives the reactions for osmium. 

It is found generally in irregular, flattened grains. In this country it 
is Ibund principally in Cahfornia. 

FOEMULiB OF THE CRYSTALS. 

PI XXXIV. 
Fig, 18. 00 P. OP. Bg, 19. oo J\ P. OP. 
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Arsenic sulfiire 




Bismuth. 


155 


Bromyrite, 


180 


jaune. 


15S 


Bismuth glance. - 


156 


Bronziie, - 


25 


Arsenic sulfure 




Bismuthine. 


156 


Brookite. 


145 


rouge. 


158 


Bismuthinite. 


156 


Brown hemjitite. 


119 


Arsenide saure. 


- 157 


Bismuth uatif. - 


155 


Brown ochre. 


119 


A njenikalf ahlerz. 


168 


Bismuth sulfure. - 


156 


Brown spar. 


102 


Ai^enikbiuthe. 


- 157 


Bismuth sulfure 




Bniciie. 


59 


Ar>enikkalkies. 


125 


plumlK) cuprifere. 


156 


Bruoiie, 


105 


Arseniksinier. 


- 126 


Bismuth tellure, - 


157 


Bucholzite. - 


63 


Anjien iosiderite. 


127 


Bittersalz. - 


105 


Bucklandite. pt. 


40 


AKenh. 


- 157 


Bittersivith. - 


102 


Buntkupferkies, ■ 


166 


Ar^nkies. 


125 


Black jack. 


140 


Busiamite. 


26 


Arsenolite. 


157 


Black lead. - 


13 






Ai^enopxTite, - 


125 


BlatterztH>lith. - 


78 


CaLihe. - 


112 


Arsenoii> acid. 


- 157 


Blaueist-nerde. 


124 


Calamine, - 


70 


Arsen sil l»erblende 


. 177 


BKiglanz. - 


146 


C'alamite. 


28 


Asbtr^i. - 


- 31 


Bleischweif. - 


146 


Calamite. - 


29 


Asbestusw - 


28 


Bleivitriol. 


149 


Calcareous spar. - 


98 


A^liesius, 


31 


Blenile- 


140 


Calciie. 


98 


Asholan 


133 


Blue iron earth. 


124 


Calcium. 


91 


Asliolite. 


- 133 


Blue malachite. 


ir3 


Calomel. - 


174 


A.^paraiTiis stone. 


Si5 


Blue vitriol. 


169 


Camprlite. - 


151 


Atac:tniiTe, - 


- 170 


Bo:^ man:::anese. - 


133 


Capillary Pyrites. 


138 


Allure, 


24 


BOiT ore. ^ - 


119 


CarbtMi.' " - 


8 


Auripigment. 


- 158 


Bohemian Gramet. 


36 


Carl»onate of lead. 


153 


Aorum gmphicum. ISl 


BOhmi^^her Gr^uiet 


, 36 


Carbonate of lime. 


98 


Auiimice. 


- 1«2 


Boiopheriie, 


24 


CarN^iic acid. 
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